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Urbanization is required the pattern of economic growth and position of industrial 
power which is affected to low-income people who settled the appearance of slum 
housed the majority of peripheral core area for easily account as counties with their 
local government, services and facilities, and finding a job. They moved to outlying 
consolidate their status as a character of developing countries by explosive growth and 
drives force the land use pattern changes the urban form, population, low stages of 
economic and poor environment, which is tackling the deteriorating situation in fast 
growing city as Bangkok metropolis. While the addressing requires comprehensive 
information in highly dynamic area as a basis of squatter settlements, which they rarely 
cause as much human hardship of being poor as those at the household and 
neighborhood level. As a result, the burden of most environmental problems falls more 
heavily on the poor, household and neighborhood problems, which almost are hardship 
of being poor quality of life. Such they are rarely most appropriate solutions in often 
intensify city-wide environmental impacts.   
  
This research focused on employing to find the low-income settlement characteristic 
features in four scales through the self-organization system which is negotiate better deals 
with sustainable development to their individual context that can be achieved by using 
Geospatial modelling and social science methods. Firstly, this research examines the 
consequences of urban expansion, which is presented in the highly density areas from 
center by using Remote Sensing and Kernel Density Estimation. In quantitative 
approaches, the patterns and application of result using Point Pattern Analysis can be 
analyzed the low-income settlements in ten districts, through the ability of reasons to 
generate with both of physical environmental features and socio-economic approaches. 
The spatial characteristic features established the attention of locations and interaction of 
low-income settlements between (1) the urban environmental effects using Multi-criteria 
analysis (MCA) has been largely been convention in the sense and assume spatial 
homogeneity and compensatory combination rules by Analytical Hierarchy Process 
(AHP) weighted and Weighted Linear Combination (WLC) methods, and (2) the 
relevance of different phenomenon feature spaces under socio-economic conditions using 
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Principal Component Analysis (PCA) and Hierarchical Cluster Analysis (HCA), which is 
offered the multivariate statistical method based on the extracted components and 
delineated cluster values. This classification grouped with the specific characteristic type, 
there are offer an impartial basis for a wide range of vulnerability indices represent a 
potentially areas of greatest concern in term under the accuracy and homogeneity of low-
income socio-economic character. The combination phase is overcome the 
incommensurability of the units in which the individual indicators are measured the 
spatial character by using Geographically Weighted Regression (GWR) to characterize 
the global model varying response in the low-income agglomeration to change over 
space. Among spatial non-stationary and scale-dependent relationships in an attempt to 
extend the original emphasis on prediction to confirmatory analysis, GWR is the most 
commonly used estimates to establish some understanding of pattern. The three 
applications of results will be certainly continue to expand across the both fields, there are 
exhibited the set of clustered pattern as perfect correlation by global Moran’s Index value 
near +1.0.  
 
In urbanized area, easily to find a job, accessing the facilities and services however they 
are located on the unplanned and insecure land tenure. Third step, this research was 
operated the pervasive system by allowing the spatial formation of low-income settlement 
on relatively low-income neighborhood interaction and human activity. Among these, 
Space Syntax (SS) model is important for operating the urban morphology structure and 
human movement such as accessibility measurements, characterizing system and 
correlating with human behavioral. In order to understand the configuration of space on 
human movement, there were maintained in cognitive maps with Axial lines, the result 
point to underlying the connectivity system and global / local integration which 
pedestrians require the level of activities of everyday life in the network. The seven 
specific case studies presented here show how space syntax can be used in the 
development of pervasive system that draw on people’s mobility and sociability. 
Similarly, successful method is not just about simply constructing streets and 
connecting neighborhoods, it is referred the strongly relationship with connectivity and 
local integration at r
2
 = 0.819 as elucidated the low-income settlement characters are 
seem to be empirical well-connected of road based on configuration of space and 
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attempts to decode spatial formations, which reflected into human activity in relation 
with physical neighborhood condition levels. In other social aspects that have been 
observed include people’s satisfaction with the environmental condition and their 
spatial cognition, the data collection by neighborhood districts can be characterized in 
which is derived agent behavior and satisfaction in a way of environmental and socio-
economic elements as a real character of their life on human activities. In summary, 
there are generated the individual formation of low-income characters as clustered 
pattern of settlement, high social activities and management approaches, which have 
been auto-generated the self-organization system as well as they can embraces their 
community.   
 
Finally step is interested in how the self-organization systems can existing well based 
on low-income characteristics features and their conditions using Role-play (gaming) 
workshops for three levels of community self-organization, which is responded to 
different approaches of works and also got the sense of what communities were thinking 
and feeling in the situation by acting scenario. Through the situations of Role-play, they 
can instinctively correct reactions to their situations for themselves in relation with 
other parties likely to neighborhood scale. The workshop results are preparing 
unfamiliar or difficult situations and problems from three different perspectives of self-
organization. In addition, the mechanism of gaming can enable the participants to really 
get a feel for scenarios, and define the effects of decision make through the assumption 
of roles governed by rules, in which the simulation concerns a category of self- 
organization system by themselves. There are represented four phase levels such as 
community empowering, participation and communication, community rules, and 
activity with new generation.  
 
The importance of self-organization capacity can be most effectively addressed through 
the character of low-income settlements, which are clustered and defined into three 
simply types within different debated zones as helpful measured by the development of 
organizational scenario processes and spatial characteristic features to be linked to 
broader four dimension of urban scales. It is widely contributed the self-organization system 
that is higher potential outcomes from (1) individual organization of their community to 
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linkage with other communities as (2) horizontal development. Increasingly, the 
individual function and new creation of more sustainable low-income self-organization, 
which is linked to (3) vertical development between community character and 
neighborhood interaction on human activities likely as space syntax networks to offer 
districts and city planning approaches as well as more compact with a greater dependence 
upon this system can useful enhance the development of low-income conditions in 
Bangkok and other developing cities between similarly indices.  
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1.1 BACKGROUND OF RESEARCH 
 
Urbanization is the one of the most serious problems that has general effects on all elements 
of environmental conditions and refers to the process of growth in the population share 
living in cities, towns, and sub-urban areas which are significant global phenomena. 
Recently, the world has experienced a dramatic growth of its urban population for over the 
last 50 years, especially as Thailand which its population density rose significantly from 40 
persons per km
2
 in 1950 to 133 persons per km
2
 in 2010 (United Nation, 2009). Much of 
this point has debated on the issue of sustainable urban development plan that has lead the 
way in urban building density appearance and the phenomenon of its urban area growth 
effects. The prolific population growth leads to a rapid expansion of urban growth, 
causing changes in land use and land cover in many metropolitan areas around the world. 
While getting a job is easy, wage employment is not only harder to come by but it is also 
less well enumerated, which is least equipped to deal with rapid urbanization and will be 
absorbed same as developing city. With unplaned and uncontrolled, the combination of 
inadequate assess is escalating poverty and institutional capacity that is provided to poor 
quality of infrastructure, housing and employment opportunities. Moreover the 
consequences of sprawl remain the form of urban, which is defined as the contiguous 
expansion of existing development from a centre core as urbanied areas of Bangkok is 
increased 16-fold from 8,345 hectares in 1994 to 133,515 hectares in 2002 into its 
metropolitan regions at an average growth rate of 4.8 percent per annum (see Fugure 1.1). 
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Figure 1.1 Urbanized areas of Bangkok and its metropolitan region 
Sources: World Bank, Lincoln Institute of Land Policy (2011) 
 
Consequent of higher industrialization and productivity, a growing proportion of urban 
population is living in housing poverty in slum or informal settlements on more rush 
transformation of the settlement of "low-income migration" growth into urban area and the 
squatter settlement role as a character of developing city, which almost are hardship of 
being poor quality of life in low stages of economic. Moreover, the public service of 
environment may not be suitable even for affluent cities. Thus, three distinctive characters 
along which urban poverty and vulnerability differ from rural poverty: commoditization, 
environmental hazard, and social fragmentation (Moser, et. al., 1996). Eventually, the 
unplanning and low-efficient development projects have caused extensive devastating 
consequences to both environment and human beings, that fell in more heavily burden of 
environmental problems and unsafe area. Including to insecure land tenure, the lot of many 
poor urbanites, provides yet another disincentive to invest in environmental improvement 
that the burden of most environmental problems falls more heavily especially, the real 
challenge problems being solved in developing countries, as Bangkok. 
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1.2 PROBLEM STATEMENT 
 
To concrete achievement the urban morphological elements and urban growth have 
found its expression in low-income settlement approaches. The legal access to the 
landform was taking a capital of city and the reasons, which are motivated the first 
group of migrants. They live and construct as much rapid the environment and facilities 
are developed (road, river, electricity and formalization of land tenure) (Sakay et al., 
2011). Therefore, these populations had shown a steady pattern of economic growth and 
positioned one of the development centers in the entire country. Almost low-income 
settlements usually consist of housing in older and poorly maintained, legally built parts 
of the city proper. The settlements are mainly uncontrolled low-income residential areas 
with land occupation by their own means with public utilities and community services. 
The low-income housing is not only defined the housing density but it also 
characterized by overcrowding and flooding with deteriorated and unsanitary conditions 
that might harmful for health, security or as the source of illegal or immoral activities 
(NESDB & GHB, 1995).       
 
Bangkok Metropolis has been facing problems associated with slums for many years. 
Although, there are implementing several programs and policy alternative strategies for 
upgrading slum and giving security of land tenure: (1) re-blocking, (2) reconstruction, (3) 
land sharing and, (4) relocation (Guerra, (2004), Vichai and Ranjith, (2006)). Moreover, 
the second program also offers affordable housing with basic infrastructure and service 
area (NHA, 2004). As the result, the majority of low-income settlements with migrant 
origin still live in corn areas and infrastructure line, occupying most of the urbanized area 
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zone of Bangkok. In the opposite, almost low-income settlement are still addressing the 
mainly comprehensive information problem on these highly dynamic areas as a basis for 
not only the environmental externalities impact within the city but also the human 
hardship and economic situation in a capital of Thailand and the similarly city of 
developing countries such a force of informal activities as the politics of religious 
festivals, the politics of emancipation, diverse cultures, and a change of career structure 
and attempts to analyze the adverse consequence of its changes. 
 
The purposed of this research, an elucidated structure was finding as an empirical 
statement and an innovative solution of low-income settlement characteristic approaches, 
driven by physical and socio-economic elements with the expectation of new dynamics of 
sustainable cities concept. There were emphasized the self-organization possibility 
structure based on the formation of geospatial and human activities implication for 
contributed to low-income sustainability of city and improved to other similarity cases. 
 
1.3 RESEARCH OBJECTIVES 
 
This research study will be find the self-organization system and low-income settlement 
characteristic features in term of multi-dimensional scaling. The confirmatory factors 
analysis will lead to improve measurement the overall context of urban planning and 
development system especially as insecure land tenure and urban expansion. This 
general aim can be broken down into more specific on 4 criteria details. 
1) To quantify urbanization and urban form consequences that occur in the 
low-income settlement locations. 
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2) To classify and explore the multivariate classification of spatial low-income 
character varying relationships between visualization methods. 
3) To operate the pervasive system by allowing the spatial formation of low-income 
neighborhood character on human activity. 
4) To generate and simulate the individual integration of spatial-formation of 
low-income settlement character into self-organization system. 
 
1.4 SCOPE OF RESEARCH  
 
The study area is located in Bangkok, a capital of Thailand, as shown in Figure 1.2. 
There was established between 13o45’8”N and 100o 29’38”E, covering 1,568.737 
sq.km. (606 sq.mi). BMR as the country’s economic center is easy to seek employment, 
while there were not only harder to come by, but it was also less well acknowledged. 
This result has been growing rapidly over the part of rural income, including facilitating 
by good transportation, infrastructure, communication, services, etc. Much of the 
urbanization is providing the slum/low-income settlements and almost all of inhabitants 
are living in poor condition in many developing cities. Therefore, 196,354 households 
living were found the slum-dweller and squatter settlements in year 2000 (Pornchokchai, 
2003), which is projected to increase to 225,440 households by 2009 (CODI, 2010). 
Moreover, World Bank (2006) reported that BMR has always been the fasted and most 
expended urbanized area. Indeed, GDP per capital numbers in 2002, which is increased 
in economic activity from under 60% in 1970 to 72% in 2004. Finally, BMR is the 
capital city which one of special administrative area and itself has gained a reputation of 
having among the most rapidly degraded and severely deteriorated urban environments 
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as an independent, dynamic and influential city such as economic, social, political, 
population and services and so on. More energy consumption and air pollution from 
particulates and lead to microbiological contamination, environmental condition and 
traffic congestion are among Bangkok’s most serious problems. Due to the improper 
and inefficient development projects in developing country have the most extensive 
devastating consequences to both of environment and human beings as well as the main 
support for the activities of economy and society. 
 
 
Figure 1.2 Study area 
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1.5 CONTRIBUTIONS OF RESEARCH  
 
The contribution of research is significantly contextualized its findings within the 
structural elucidation of low-income settlement character as well as combination 
between information of sustainable cities and techniques of engineering’s methods 
which particularly emphasizes on the territory of habitats and social sciences. One of the 
most importance of this research matters as followings (see Figure 1.3);  
1) The first priority attempts to carry out the sustainable cities concept varying the 
contribution of low-income settlement based on the highly effective ways to view 
and analyze dynamics of city and district in multi-dimensional scale of urban 
planning system. This research is influenced by external forces the low-income 
settlement growth, and to be able to extract its truly undesirable problems between 
physical environmental character and socio-economic character which is important 
stance to urbanization and urban form expansion.  
2) The low-income situation based on self-organization structure is clearly explained 
and contributed to address the stakeholders concerned by multiple levels. In 
neighborhood scale, the important which can be proposed and applied in each level 
of city information in the future. The results useful existing and solving the 
low-income settlement characters and situations, which are seem to be empirical 
well-connected of road based on configuration of space and attempts to decode 
spatial formations. Other social aspects that have been observed include people’s 
satisfaction, there are reflected into human activity in relation with physical 
neighborhood condition levels and their spatial cognition. While the data collection 
by neighborhood districts can be characterized, this is derived agent behavior and 
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satisfaction in a way of environmental and socio-economic elements as a real 
character of their life on human activities. 
3) The several relevant methodologies are needed to consider and create the 
self-organization structure as well as the scenario planning of role-play mechanism 
to provide their lives with many heavy conditions of low-income settlements urban 
development approaches. Eventually, this research will be explored the categories 
of self-organization system and suggested the appropriated technique to supporting 
the initiative of low-income settlement targets under three different perspectives of 
self-organization consideration, which could be applied to the various venues in the 
similarly developing countries indices. 
 
 
Figure 1.3 The consolidation structure of research 
 
Types of this contribution and common phrases were developing and proposing the new 
solution to explain existing problems and clarify how these methods solve and address 
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these flaws, covering the self-organization research has not only examined low-income 
settlement character but also clarified some criteria because of the context has changed.   
 
1.6 CONCEPTURE FRAMEWORK 
 
This framework sets out an overview of systems approach to analyst and applies the 
multivariate scale and spatial methodologies that are widely used and discussed the 
spatial of low-income formation in relation to the implementation of self-organization 
system. It is also informed the self-organization system by 4 steps which are elucidated 
the low-income settlement character formation toward urbanization and urban form 
expansion problems in term of the developing cities as Bangkok growing city, Thailand 



































1.7 OUTLINE OF RESEARCH 
 
According to the knowledge, this research was significantly associated with Geospatial 
Modeling and Humanities Approaches in term of spatial and social sciences, reflecting 
the differences of structural elucidation of low-income solutions on the measurements 
of sustainable cities which is considered;  
 
Chapter 1: Introduction  
The urbanization and urban form process are driving force for influencing the 
low-income condition which is one of major problem in developing countries as 
Thailand. Form proposed basis in Bangkok a capital city of Thailand based on Landsat 
TM Image resolution 30 meters (Band 7, 4, 3), the image is contributed the growth 
pattern, which enhances building-up area between 1997 and 2009. Especially in 2009, 
there were identifying the pattern of low-income settlements and expansion in area 
targets using GIS-point pattern analysis, reflecting the objectives of research study. As 
the result, the low-income settlements were presented and interested the area targets, 
which is greater high confidence envelope (k), as the main areas of economy growth in 
urbanization and globalization dimensions such as central business district (CBD), 
Infrastructure Lines, and so on.  
 
Moreover, under certain cluster analysis, the low-income settlements were not only 
clustering but also evenly spread on highest density area. Hence, the ten especially cases 
can be interpreted the relationship between the technique of geographical information 
system (GIS) and urban development planning concept. The individual interpretation 
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also generated important for evaluation and estimation the low-income settlement and 
expansions for further opportunities relationship to existing methods, which has been 
investigated the low-income solution as well. 
 
Chapter 2: Literature reviews 
Many relevanted approaches of research, which is mainly relied on the urbanization and 
urban form crisis refered to the conditions of low-income settlement in the structural 
consisting of environment and socio-economic elements towards the information of 
sustainable cities concept. This chapter is clearified the situation of research and 
objectives to explain the construction of previously chapter and solved the research 
study for next chapter.   
 
Chapter 3: Relation between urban expansion and low-income settlement conditions 
This chapter will be describes the intensity of urbanization and urban form events across using 
Remote Sensing and Geographical Information System (GIS); (1) Kernel Density Estimation to 
identify the spatial pattern of low-income settlement, and (2) A Certain Clustering Analysis 
methods clarified the situation and related to the low-income settlement and expansion using 
Average Nearest Neighbor index and Ripley’s K-function. These spatial estimation density and 
clustering analyst are exposure the commonly techniques to understanding the basis of proposed 
low-income settlement in consequence of Bangkok Metropolitan Region, Thailand. For further 
opportunities, these relationship to existing methods has been investigated the low-income 
settlements growth by specifically the sampling distribution and specifically identified the 
applications of sample sizes where purposive results can be achieved (see Figure 1.4 (step 1)).  
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Chapter 4: The spatial character of low-income settlements  
For calculating the simplify situations of alternative factors using multi-criteria decision 
Analysis (MCA), this chapter is described the relative important weights for relevant 
approaches of low-income settlements using the analytical hierarchy process (AHP) and 
weighted linear combination (WLC) operators for the measure of urban environmental 
impact assessment and priorities of site selection. The aggregation methods integrated 
the hierarchical structure of criteria allowed compensatory combination rules between 
spatial intensity of auto-correlation map and fully trade-off, which consists of 5 levels 
for contamination 6 factors of urban environmental impact assessment in Bangkok.  
Lastly, the WLC inventory map was estimated the low-income settlement point, which 
is calculated result and identified the instability levels of ten especially cases of 
low-income settlement condition which had significantly effected based on standard 
deviation equation method. The cases were distinguished due to the risk situations 
ranging from 0.99998 to 4.83166 into the degree of five classes lay on unplanned and 
unsafe area. Thus, the aggregation map output proved to be flexible and practical tool 
for selecting sensitive area condition, related to general perception on application of the 
susceptibility risk map which is more complicated the environmental elements of 
low-income settlement feature (see Figure 1.4 (step 2)). 
 
Chapter 5: The Classification of low-income socio-economic character 
Using principal component analysis (PCA) and techniques, this chapter is interpreted on 
independent variables of statistical approach, which is produced to identify the 
low-income characteristic indices and defined the groups of more similarly samples 
among the possibility of urbanization and urban form crisis in Bangkok. These results 
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lead to carefully consideration with the different characteristic features by different 
types of vulnerability. Particularly, the normalized socio-economic elements can be 
more easily related to the vulnerability indices of low-income characters from PCA 
technique. The treatment of seven PCs loading had provided a multivariate view of 
study area, which is necessary in order to better understand the above-interrelated 
separations. Moreover, cluster analysis (CA) is offered the multivariate statistical 
method, which is proposed for high-resolution dataset based on PCA assessment. This 
technique is a convenient method for identifying the homogenous groups of objects in 
specific cluster share many characteristics. There was confirmed by hierarchical cluster 
analysis (HCA), all these results were further evaluated by examination of principal 
component graphs and hierarchical cluster output can be represented as a dendrogram. 
The samples could be divided into five main of socio-economic character clusters are 
seen to exist especially in 2009 data indices, which were clear grouped together due to 
their original place (see Figure 1.4 (step 2)). 
 
Chapter 6: Visualizing multivariate spatial of low-income formation 
Varying relationship between dimension of spatial stationarity data and non-stationarity 
data, this chapter is examined to attempts the significant advances of low-income 
character structure, which is possible to calculate the standard deviation of a set of 
observations with a weight attached to each observation in spatial analysis using 
GIS-Geographically Weighted Regression (GWR). The techniques are applied and 
generated the exploratory spatial data analysis, to analyst the spatially varying 
relationships of low-income socio-economic indicators across low-income settlement 
point’s database of Bangkok, Thailand. Thus, the self-formation of spatial analysis is 
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characterized and explored scale effect on low-income settlement approaches by the 
location of socio-economic environmental features. It is possible to offer useful 
alternatives this novel idea joint application of urban planning and policy 
decision-making when assessing GWR model. GWR also highlighted the areas 
formation in its application of a relatively new geospatial analysis of urban planning 
approach. The beneficial of research can be selected and applied to reveal the sensitivity 
of socio-economic environment results to different scales of analysis. Among spatial 
non-stationary and scale-dependent relationships in an attempt to extend the original 
emphasis on prediction to confirmatory analysis, GWR is the most commonly used 
estimates to establish some understanding of pattern. The three applications of results will 
be certainly continue to expand across the both fields, there are exhibited the set of 
clustered pattern as perfect correlation by global Moran’s Index value near +1.0 (see 
Figure 1.4 (step 2)). 
 
Chapter 7: Operationalization of low-income neighborhood interaction 
This research was operated the pervasive system by allowing the spatial formation of 
low-income settlement on relatively low-income neighborhood interaction and human 
activity. Among these, Space Syntax (SS) model is important for operating the urban 
morphology structure and human movement such as accessibility measurements, 
characterizing system and correlating with human behavioral. In order to understand the 
configuration of space on human movement, there were maintained in cognitive maps 
with Axial lines, the result point to underlying the connectivity system and global / local 
integration which pedestrians require the level of activities of everyday life in the 
network. The seven specific case studies presented here show how space syntax can be 
 16 
used in the development of pervasive system that draw on people’s mobility and 
sociability. Similarly, successful method is not just about simply constructing streets and 
connecting neighborhoods, it is referred the strongly relationship with connectivity and 
local integration at r
2
 = 0.819 as elucidated the low-income settlement characters are 
seem to be empirical well-connected of road based on configuration of space and 
attempts to decode spatial formations, which reflected into human activity in relation 
with physical neighborhood condition levels. In other social aspects that have been 
observed include people’s satisfaction with the environmental condition and their spatial 
cognition, the data collection by neighborhood districts can be characterized in which is 
derived agent behavior and satisfaction in a way of environmental and socio-economic 
elements as a real character of their life on human activities. In summary, there are 
generated the individual formation of low-income characters as clustered pattern of 
settlement, high social activities and management approaches, which have been 
auto-generated the self-organization system as well as they can embraces their 
community (see Figure 1.4 (step 3)).  
 
Chapter 8: The individual integration of self-organization system 
Finally step is interested in how the self-organization systems can existing well based 
on low-income characteristics features and their conditions using Role-play (gaming) 
workshops for three levels of community self-organization, which is responded to 
different approaches of works and also got the sense of what communities were thinking 
and feeling in the situation by acting scenario. Through the situations of Role-play, they 
can instinctively correct reactions to their situations for themselves in relation with 
other parties likely to neighborhood scale. The workshop results are preparing 
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unfamiliar or difficult situations and problems from three different perspectives of 
self-organization. In addition, the mechanism of gaming can enable the participants to 
really get a feel for scenarios, and define the effects of decision make through the 
assumption of roles governed by rules, in which the simulation concerns a category of 
self- organization system by themselves. There are represented four phase levels such as 
community empowering, participation and communication, community rules, and 
activity with new generation. The importance of self-organization capacity can be most 
effectively addressed through the character of low-income settlements, which are 
clustered and defined into three simply types within different debated zones as helpful 
measured by the development of organizational scenario processes and spatial 
characteristic features to be linked to broader four dimension of urban scales. It is widely 
contributed the self-organization system that is higher potential outcomes from (1) 
individual organization of their community to linkage with other communities as (2) 
horizontal development. Increasingly, the individual function and new creation of more 
sustainable low-income self-organization, which is linked to (3) vertical development 
between community character and neighborhood interaction on human activities likely as 
space syntax networks to offer districts and city planning approaches as well as more 
compact with a greater dependence upon this system can useful enhance the development 
of low-income conditions in Bangkok and other developing cities between similarly 
indices (see Figure 1.4 (step 4)). 
 
Chapter 9: Conclusion and recommendations  
This chapter is included the whole of research. Thus, the originality characterized on a 
field of low-income settlement varying the spatial-formation and improved into 
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self-organization system as well as combination with social science and engineering’s 
model, which particularly emphasizes on the area of humanities and social sciences for 
harmoniously blending urban informality era urbanization expansion conditions. To 
justify the low-income settlement self-organization system, it is successfully simulated in 
two points; (1) spatial science which the spatial formation can clarified the situations and 
problems of low-income settlement in term of physical and socio-economic elements 
underlying the urbanization and urban form crisis by using GIS-based approaches, and (2) 
social science which the simulation of gaming workshop can suggested the 
community-based management using “Role-play” function by transferring risks to 
selective locations, it is provided the real situation like as a communicative planning for 





1. GENERAL PATTERN OF BANGKOK GROWING CITY IN THAILAND 
 
Bangkok is a part of fertile floodplain that owes its existence to the Chao Phraya River 
and Gulf of Thailand (see Figure 2.1) and lies about two meters above sea level so the 
flooding is the main cause of problems for the protection of the city. Bangkok is the one 
of special administrative area and itself has gained a reputation of having among the 
most rapidly degraded and severely deteriorated urban environments as an independent, 
dynamic and influential city such as economic, social, political, population and services, 
which has resulted in accelerating urbanization. More energy consumption and air 
pollution from particulates and lead to microbiological contamination, environmental 




Figure 2.1 Location of study area 
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In particular, economic of Bangkok (World Bank, 2006) concentrated and expanded 
more and more slight increase from under 60 % in 1970 to just over 60 % in 1986, 
reached 70 % by 1996, and increased to 72 % in 2004. While getting a job is easy, wage 
employment is not only harder to come by, but it is also less well enumerated. So, 
people, especially among the young (15-40 years old), from outlaying regions leave 
their villages to seek employment in the service sector in Bangkok. Moreover, in terms 
of population size, the only outlier is Bangkok, while there are six outliers in terms of 




Figure 2.2 Economic feature of Bangkok, Thailand 
Source: World Bank, 2006. 
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Therefore, Bangkok is like the center of economic development, which is concentrated 
and expanded a slight increase of the population numbers, household dwellers, job 
opportunities, energy consumptions and others. In the condition of Bangkok, GIS 
reviewed the pattern of urbanization using remote sensing based on Landsat TM Image 




Figure 2.3 The urbanization and urban from approaches in (a) 1999, (b) 2009 using 
Remote Sensing (Landsat TM Image (Band 7, 4, 3 resolution 30 meters))  
 
The area characters appropriated for the rapidly risen of building use development, closed 
to major roads, and high river flood. As a result, the population increased from 5.6 million 
persons in 1999 to 5.7 million persons in 2009. However, the poverty rate is lowest and 
the proportional reduction has been largest in Bangkok. In the other hand, the population 
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growth defined the almost people living in the slums or informal settlement and lied on 
more environmental condition, traffic congestion, and human approaches are among 
Bangkok’s most serious problems. 
 
The result of integrated remote sensing, GIS-based spatial reclassification procedures 
has been quite effective to resolve the spectral confusion among different land classes 
within an urban image scene. The remote-sensing has resulted in the extraction of 
objective thematic mapping of form, which has associated pattern of land use change 
used to calibrate a dynamic model, which emphasize spatial patterns of environmental 
consequences at different times (see Figure 2.4). 
 
 
Figure 2.4 The step of remote sensing part 
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2. CONDITION OF LOW-INCOME SETTLEMENT IN BANGKOK  
 
2.1 Slum / Low-income Settlement 
Thus, there are two annual posing problems for governments and local authorities – rapid 
urban population growth and urban poverty. The number of slum-dwellers accounts for 
3 % of the total population, and the total slum population, 84 % live in the Bangkok 
Metropolitan Region, and the rest of them live in other municipalities of the country 
(Pornchokchai, 2003). Moreover, the urban planning tends to perform very poorly and 
have almost no effect on shaping. They undoubtedly involve damage due to the lack of 
policy coordination and synchronization in central and provincial level. Low-income 
settlement or slums always increases from 50 communities in 1968 to 1,020 communities 
in 1985 (Pornchockchai, 1992). Anyway, Thai government was built up self-organization 
without any planned way (Viratkapan, et. al., 2006). Then, some development projects 
have generated many slums. In particular, the low-income settlement and expansion were 
rose to 1,266 communities (232,435 household dwellers) in 2009 (CODI, 2010), with 
estimated that the total of Bangkok was 364,344 household dwellers. Urbanization in 
Bangkok has also resulted in several slums and informal settlements; it is believed that 
most of the inhabitants are poverty.  
 
In Figure 2.5, we are exampling the case of the low-income settlement, which is 
classifying the low-income household point using the GIS database 2009 factors of the 
inhabitants by developing the slum standard index of UN-Habitat slum definition and 
Thai’ slum standards (National Housing Authority-NHA; Community Organizations 
Development Institute-CODI) such as (a) Building Coverage Ratio less than 1,600 sq.m. 
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/15 units; number of story; (b) type of detached house, flat, and floating house; and also 
(c) wood and corrugated iron characterize. We found 239,480 household dwellers (same 
as CODI, 2010) as the people sharing life with below poverty line. From Landsat 
Thematic Mapper was using Remote Sensing Imagery (Band 7, 4, 3), which is interested, 
in sample sites for low-income housing.  
 
Figure 2.5 The low-income settlement and expansion in 2009 using: (a) Remote Sensing 
(Landsat TM Image (Band 7, 4, 3 resolution 30 meters)),  
(b) Low-income settlement point 
 
2.2 Challenge of Upgrading Slum  
Guerra, (2004) reported that most of the household in Bangkok is migrated to slums so 
the government has been improving several programs for upgrading the slum, such as 
reconstruction, re-blocking, land sharing, relocation and so on. There were made 
improvements such as roads and walkways, water supply, and electricity in slum 
upgrading projects and providing affordable housing through by the National Housing 
Authority (NHA) which established the slum relocation project since 1980, and 
Community Organizations Development Institute (CODI) which is established the slum 
upgrading, re-blocking, and relocation project since 2000. There were changed the new 
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policy for civic society based on a demand driven community and find various solutions 
of community networks and some projects may be change the condition work to the 
advantage of the inhabitants and be corroborated by urban researcher. Thus, Yap, et. al 
(2010) and Boonyabancha (2001) wrote that the housing problem of NHA projects were 
not success for generating the benefits of demand and lack of understanding the urban 
poor condition.  
 
During the Tenth Plan (2007-2011), Thai’s government also led the Eleventh National 
Economic and Social Development Plan (2012-2016) toward sustainable development, 
resulting in human capital, high employment, song communities, and gains in poverty 
reduction. Including to the Country Development Partnership for Poverty (CDP-P) 
project by World Bank the Ninth National Economic and Social Development Plan in 
since 2002, it is aimed that the Thailand Social Monitor in term of poverty mapping, 
poverty incidence and welfare indicator for better serving the fundamental choices of 
public policy of Thai society, including the poor (World Bank, 2001). Finally, slums of 
Bangkok were addressing the main problems of comprehensive information on these 
highly dynamic areas as a basis for flooding risk, pollution, traffic congestion, and climate 
change condition.  
 
2.3 GEOSPATIAL ANALYSES AND MODELLING OF URBAN LOW-INCOME 
SETTLEMENT STRUCTURE AND DYNAMIC  
 
2.3.1 Remote Sensing 
Remote sensing is the technique of deriving information about objects on the surface of 
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the earth without physical coming into contact with them. This process involves making 
observations using sensors mounted on platforms, which are at a considerable medium. 
When electromagnetic radiation falls upon a surface, some of its energy is absorbed, 
some is transmitted through the surface, and the rest is reflected. Sensors are devices 
used for making observations. They consist of mechanisms usually sophisticated lenses 
with filter coatings to focus the area observed onto a plane in which detectors are placed. 
These detectors are sensitive to a particular region in which the sensor is designed to 
operate and produce outputs, which are either representative of the observed area as in 
the case of the camera or produce electrical signals proportionate to radiation intensity 
(Ramachandran, 1998). 
 
 Spatial resolution: It is a measure of the smallest angular or linear separation 
between two objects that can be resolved by the sensor. The greater of the 
sensor’s resolution are inter-dependent and these factors determine the scale of 
the imagery. 
 Spectral resolution: It is refers to the dimension and number of specific 
wavelength intervals in the electromagnetic spectrum to which a sensor is 
sensitive. Narrow bandwidths in certain regions of the electromagnetic spectrum 
allow the discrimination of various features more easily. 
 Temporal resolution: It refers to how often a given sensor obtains imagery of a 
particular area. Ideally, the sensor obtains data repetitively to capture unique 
discriminating characteristics of the phenomena of interest. 
 Radiometric sensitively: It is the capability to differentiate the spectral 
reflectance from various targets. This depends on the numbers of quantization 
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levels within the spectral band. In other words, the number of bits of digital data 
in the spectral band will decide the sensitivity of the sensor. 
 
Remote sensing data are one of the primary data sources for many geospatial analyses. 
The nature of remote sensing data acquisition ranges from ground-based to airborne to 
space-borne. These features are represented is geographical information system (GIS) as 
layers or themes of data. The emphasis at this stage of application development consists 
of updating and simple data retrieval.   
 
In primary, this study was developing an understanding of urbanization in rapidly 
changing land use in Bangkok city. To map the land use, which is used 
post-classification techniques on multispectral Landsat TM Image resolution 30 meters 
(Band 7, 4, 3) for 1999, and 2009. The classified maps obtained the building-up area for 
this area study as shown in Figure 2.2. While the monitoring of land use changes is 
needed to understand and predict the dynamic process of land-use patterns at different 
times, the traditional labor-intensive survey approaches are limited in their effectiveness, 
as they are often unable to reveal the spatial patterns of landscapes changes and 
environmental consequences that occur in a given time period (Thapa and Murayama, 
2009). The data acquired by both of passive and active remote sensing systems can be 
used in the next step. Moreover, the information, which is thus derived, can be very 
useful in the urbanization approaches, which is greatly required for sustainable use, 
development, and protection of urbanization condition and low-income settlements 
growth resources. Thus remote sensing and GIS are widely used in the first step of 
research.     
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2.3.2 Geospatial Analysis and Modeling of Urban Structure and Dynamics  
Urban development and the pattern of urban growth are significant global phenomena. 
Increasingly, more isolated population centers are changing into large metropolitan 
cities, with the conversion of natural land to urban use becoming quite obvious (Liu, 
2009). According to the United Nations (2006), the world’ population lived in urban 
areas only 13% in 1900; this proportion increased to 29% in 1950 and reached 49% in 
2005. Undergoing the rapid urbanization, the U.N. population projection indicated that 
the urban population would rise to 60% by 2030. Specially the developing countries, the 
rapid urban growth from rural to urban area took place over a century ago, it is effected 
the present population of low-income/ slum settlements, with the destruction of natural 
landscape, squatter settlement, and public open space, which has an increasing impact 
on the global environmental, social, and economic change. The spatial-temporal process 
of urbanization and the socio-environmental consequences of such development deserve 
serious study on human being. A certain degree of internal organization of cities 
character by an immense complexity and heterogeneity has been understood the spatial 
patterns and temporal processes of urbanization involving the application of models. 
 
This study provided the social physical approach on models in context of urbanization 
and urban form crisis with spatial analysis using GIS-technique. Contemporary 
modeling practices under the self-organizing paradigm are also reviewed, which are 
widely in urban planning models. GIS obviously depends on data, but it is also driven 
by the decisions of the user and analyst, which the computer and software cannot make 
sense of the data without the expertise of user (Maantay and Ziegler, 2006). Urban 
application of GIS can be divided roughly into three categories: planning, operations, 
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and public information. Planning involves the assessment of trends and development 
patterns in both of space and time, and formulation of plans to address future problems 
and opportunities, which GIS-technique can be make extensive use to produce maps 
based on differing datasets in planning field. For planners, GIS is a way to combine, 
analyze, and visualize the various kinds of information that describe a geographic area. 
It is analyzed of alternatives, and presented options and recommendations in the urban 
planning context like as a dynamic mapping system.   
 
Each spatial model will be useful analyzed this research using by GIS application and 
produce a GIS process always involves these modeling as; 
 Point Pattern Analysis 
A comprehensive approach to the analysis of point patterns demonstrates the usefulness 
of low-income settlement points by exploring household distribution. Observed spatial 
point pattern are usually assumed to be spatially stationary or in the finite case, spatially 
homogeneous. However, data consisting of point locations may reveal inhomogeneity in 
point density, in local structure, or in both. This research is based on the development of 
Kernel density estimation (KED), which is a function of probability density using a 
generalization of smoothing technique, which weights events within its sphere of 
influence according to their geographically referenced point pattern analysis. Indicating 
the individual intensity observation is being estimated over space (Gatrell, et al, 1996). 
The points lying near the center of a search area are weighted more heavily than those 
lying near the edge (McCoy & Johnston, 2001). It would be allowed the computation of 
specific object of point processes. This resulting surface of KDE is a selection of grid 
cells, which have an extensively high density and supported the detail of expansion by 
 30 
certain Cluster analysis. Conceptually, low-income neighborhood is defined around 
each raster cell center, and the number of points that fall within the neighborhood is 
totaled and divided by the area of the neighborhood. 
 
 Multi-criteria decision analysis (MCA) 
Multi-criteria decision analysis is focused on chapter 4, which is used interchangeably 
includes both the concepts of attribute and objective. MCA problems are further 
categorized into single-decision-maker problems and group decision problems that the 
required data and information are determining between every decision and 
corresponding the decision consequence (Malczewski, 1999). Conventional MCA 
techniques have largely been a spatial in the sense that assumes a spatial homogeneity 
within the study area. The evaluation criteria vary across space. Consequently, there is 
need for an explicit representation of the geographical dimension, which is integrated 
the GIS capabilities of data and analysis for aggregating the geographical data and 
decision maker’s preferences into values of alternative decisions. The decision rule is 
procedure that allows for ordering alternatives, which is this research method involves 
as, the analytical hierarchy process (AHP) method, which a weight of this nature can be 
derived by taking the principal eigenvector of a square reciprocal matrix of pair-wise 
comparisons between the criteria and deal with the relative importance of the two 
criteria involved in determining suitability for an individual or group compares.  
Secondly, the weighted linear combination (WLC) method is the most frequently 
referred method that is popularity lie and easy to understand for obtaining attributes 
weights or adopted standardization process based on GIS technical analysis. The criteria 
are measured on different scales, it is necessary that factors be standardized before 
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combination, and that they be transformed, if necessary, so that all factor maps are 
positively correlated with suitability. 
 
 Classification Analysis 
Classification analysis is a technique for examining the interrelationship between 
several predictor variables and on dependent variable in the context of additive model. 
This process continues until all clusters are joined into one, but output can be analyzed 
to yield any number of cluster groups. Initial visual interpretation of the component 
extracted from the principle component analysis (PCA) method, which is useful in 
reducing data mathematical that correlated variables into a new set of orthogonal 
variables called principle components (PCs). There were calculated based on the 
procedure to diagonalizable and finding the eigen vectors/ eigen values of the 
correlation matrix (Hair et al., 1987; Shiva & Khare, 2003) were associated close to or 
greater than one.  Moreover the hierarchical cluster analysis (HCA) method is possible 
to use with PCs result. Generally, the objective of cluster analysis is the grouping of 
objects of the data set that share more in common with one another than with size 
distributions of other clusters, thus creating clusters of relative homogeneity (Gore, 
2000). Several studies have shown that the factor-cluster segmentation significantly 
reduces the success of segment recovery. 
 
 Geographically Weighted Regression (GWR) 
Geographical weighted regression (GWR) is local spatial statistical technique for 
exploring spatial non-stationarity. Basically, GWR is based on the non-parametric 
technique of locally weighted regression developed in statistics for curve fitting and 
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smoothing application. GWR repeatedly applies a spatial kernel function to spatial data 
to produce regression coefficient estimates that may vary over space. Visualizing and 
interpreting regression coefficients from spatially varying coefficient models as, GWR 
can be challenging, given the amount of information the models provide the spatial 
analyst. Adding to the visualization dilemma are various diagnostic tools for checking 
the coherence of the GWR model (Wheeler, 2010). GWR is widely employed in 
geographical analysis, can be use to examine spatial variation in the relation between 
outcomes and explanatory variable (Brunsdon et al., 1996). Moreover, the compared 
GWR with some statistical models, GWR can estimate regression coefficients at any 
one spatial location and give significant improvement for the response variable than 
those derived from other model (Zhang et al., 2005). By appropriate application of 
GWR model, it is possible to determine spatial variations in the relationship between 
response and explanatory variables and different scale at which the regression model 
has the best predictive performance (Foody, 2004). The innovation with GWR is using a 
subset of data proximate to the model calibration location in geographical space instead 
of variable space.  
  
 Space Syntax (SS): The Pervasive System of Urban Morphology Structure 
Space Syntax, much like pervasive computing, is a relatively young and 
multidisciplinary domain. The central concept behind SS is that the configuration of 
space, rather than space itself, is the driving force behind how cities operate. Urban 
planning are seen as configurations in that the way the parts are put together to form the 
whole is more important than any of the parts taken in isolation. The major publication 
on SS came in 1984 where Hillier and Hanson (1984) set out a theory of space as an 
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aspect of social life. The basic motivation of SS is the realization that in addition to 
functioning as bodily protection, buildings operate socially in two ways: (1) constitute 
the social organization of everyday life, and (2) represent social organization. SS 
research has shown that ineffective configuration in cities or housing can cause social 
segregation and antisocial behavior. All claims, findings, and understandings of SS 
derive from the analysis of spatial configuration, which is applied to both indoor and 
outdoor spaces. Additionally, SS researchers have developed new metrics in Table 2.1 
that show the most popular metrics used by SS, their conventional name and their 
definition and description. 
 
Table 2.1 The basic space syntax metrics, which give the corresponding graph theory 
terminology, along with a definition and description of the metric 
Space Syntax Graph Theory Description/Definition 
Integration Closeness The mean distance between an axis and all other axes of the system 
Connectivity Degree The connectivity of axis i is the number of axes that it intersects. 
Choice Between The number of times axis i is used when calculating the shortest 
paths between all pairs of axes in a system. 
Control - The degree to which axis i control “access” from and to the axis it 
intersects. 
Global metric - A metric for an individual axis, calculated using the whole system. 
Local metric - A metric for an individual axis, calculated using the axis’ 
neighborhood. 
Intelligibility - The correlation between axes’ connectivity and global integration. 
Synergy - The correlation between axes’ local and global integration. 
PageRank PageRank The popularity of an axis i as determined by the number of popular 
axes intersecting axis i. 
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The results are identified axial and graph analysis as the basis of SS analysis, and 
pointed out that a number of metrics have been developed to describe and understand 
cities. SS researchers have explored various aspects of space and cities in term of axial 
maps. Aspects such as pedestrian flow, space use density, crime, cognitive maps, and 
intelligibility, have been considered in relation to SS (Kostakos, 2010).  
 
2.4  ABILITY OF ROLE-PLAY WORKSHOP (GAMING) 
 
Because of the definitions of low-income settlement in term of physical and 
socio-economic environmental elements to  be achieved by themselves, either 
individually and collectively, without some form of technical support and other 
resources from external agents.  
 
In the finally part, this study approached the workshop to elucidate the interrelations 
between the low-income individual integration and scenario planning approaches should 
continue to be developed and empirically tested intervention of purpose, content, and 
process. The purpose of workshop scenario is explored and understood the cognitive 
with new data sources to address in many profound respects, which are aimed basis of 
the social sciences in cognition of humanity fields. Cognition refers to the activities of 
thinking, knowing, and processing information, that the participations may carry out 
these processes differently, cognitive style is considered a fundamental factor 
determining both individual and organizational behavior using cognitive brain-based 
mechanisms and structures (Armstrong, S.J., et al., 2012). For example, Hodgkinson 
and Healey (2008) liken scenario workshops to weak situations that provide few 
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dispositional cues to participants regarding appropriate behaviors, and in which 
behaviors are strongly influenced by personality style. The several writers have not only 
acknowledged the importance of the role that cognitive style plays in strategic decision 
making, but researcher and participants have also specifically addressed the 
contributory role of the perceptual and judgmental dimensions in the conduct of 
scenario planning workshops (Beaty, J.C., et al., 2001). Moreover, participants 
responded positively to organize the flexibility and willingness to respond to newly 
emerging ideas was a key in making the workshop a success which is a good lesson 
learned for workshops in seeking to grapple challenging topic. The workshop was 
envisioned as a first step toward developing a process to better characterize and provide 
a basis from which to begin by allowing for diverse participants to voice their concerns 
and share knowledge (Payne-sturges, et al., 2006). 
 
In this research, representatives from community-based organizations, which these 
organizations used indicators to assess baseline information, monitor trends, advocate 
for decision-making and measure the progress of programs. This study provided into the 
gaming-simulation is the one of technical which should be accessible to the workshop in 
term of “Role-play” for the sake of better understanding social process and phenomena 
in community scale as some humanity fields. The combination is providing the social 
sciences with imaginative scientific research programs, integration, new syntheses, and 
so on, by using the new sources and problems of the presentation and discussion at this 
workshop to address the cognitive sciences. 
 
Games are social systems, as well as models of social systems, while playing games can 
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be gave the shape to human organizations, which is the way people organize themselves 
in various social setting tells much about their culture and code of conduct (Klabbers, 
2009). An excellent tool can be assisting people envisioning the future and striving to 
elaborate policies or taking important decisions in their organization and more powerful 
analysis method for face complex problem areas (Duke, 1974), assuming roles that are 
subjected to rules. While playing a game, people apply knowledge and skill to triumph 
over difficulties set by fellow players or conditions, their shape organizations and acts 
within the boundaries of organizations guided by the rules. Gaming-simulation (GS) is 
training techniques which are used for education, training and research for participants 
and researchers. It may be defined as the simulation of the effects of decisions made 
through the assumption of roles governed by rules which is a roughly balanced mixture 
of role, simulation, and game in which the simulation concerns a model (Rizzi, 2005). 
Moreover, games help in understanding the relationships between content, process, and 
context of subject matter which is emphasized on handling concepts, relations, and 
sharing of explicit and tacit knowledge, especially there are placed on abilities and skills 
to improve performance (Klabbers, 1985). For a situation using role-play, the technique 
was helping people feel more comfortable which is allowing them to coach researcher 
during the demonstration. There was build up experience and self-confidence with 
handling the situation in real life, which can develop quick and instinctively correct 
reactions to situations. The role-play is sparked brainstorming sessions to improve 
communication between team members and to see problems or situations from different 
perspectives which is helping researcher prepare for unfamiliar or difficult situations.  
For example, Mayer, et al., (2004) found the general of gaming can prefer people to 
realize their own projects which the presence of balanced reactions in planning system. 
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Many participants cited the high speed without their involvement as an important factor 
for the uncomfortable situation in which they found themselves. After the gaming 
session, the participants observed that both development planning and key project for 
higher scale levels. The result of games shown that really matter will be create a distinct 
profile for themselves in relation to third parties such as government, social 
organization, and private parties on the part of municipalities and provinces. Underlying 
this approach could help to develop strategies for maintenance or transformation of 
social system such as self-reproduction, self-reference and self-awareness by the referee 
and quality of the resource. 
 
2.5 APPROACH OF COMMUNITY SELF-ORGANIZATION SYSTEM 
 
The usefulness of normative planning in context of low-income settlement structure 
represented by communicative planning system and concerned with the problems of 
overcoming the extreme forms of inequity, division and social breakdown that persist in 
the case study as Bangkok, Thailand. Moreover, the limitation of low-income settlement 
character would like to achieve for themselves, either individually or collectively, 
without some form external agents. 
 
The principle argument of this research is that there is a limit to low-income settlement 
groups on self-organization or community-based approach schemes, and external 
intermediary institutions are needed to provide support to communities in mobilizing 
internal resources and gain access to outside inputs that enhance their capacities to 
improve their living environmental conditions, which can provide support to 
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communities in gaining access to key inputs (Lee, 1998). Community-based research is 
one approach for including community participants in scientifically validated 
methodologies for community participation progress (Israel, et al., 1998). The capacity 
of communities to engage collectively in environmental management at the community 
level is contingent upon particular sets of circumstances and political, social, economic, 
and cultural configurations. Such factors could include internal organizations, the 
resourcefulness and ingenuity of community leadership, other unexpected source of 
empowerment, and communication with face-to-face contact, a sense of belonging 
together, and shared interests and similar values. There are interested in many 
approaches and cities as; community-based planning, and Machizukuri approaches of 
Japan. 
 
Machizukuri has the positive connotation of residents building their own living 
environment, reflecting their own values and lifestyles and is seen as radical departure 
from the conventional centralized, top-down, civil engineering approach of Japanese 
urban planning, even playing an important role in the regeneration of Japanese civil 
society over the period. Machizukuri has raised citizens’ awareness of value of 
participation and fostered a sense of ownership of the process. In many cases 
machizukuri councils, started from scratch by citizens with initial funding from local 
authorities, function side with Neighborhood associations (NAs) and are searching for 
ways to work together (Kusakabe, 2013).  
 
Thus, informal settlements in Bangkok are somewhat different from those in many other 
cities of the world. They are scattered all over the city, usually on relatively small plots 
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of land, in between other land uses with insecure residential status, poor structural 
quality of housing, inadequate access to safe water, sanitation, and other infrastructure, 
and overcrowding (UN-HABITAT, 2003). The challenge in analyzing the belonging of 
knowledge about self-organization is the uniqueness of each experience. This research 
highlights the dimensions on which many self-organizations differ for many conditions 
on successful empowerment of low-income settlement by community organization. 
Similar comparative workshops have been done in special practice areas using 
Role-play simulation approach which is remained quite the situations about low-income 
settlement problems which the general housing cannot have adequate answers. More 
careful evaluation of relationship between the influential contributions to how to 
provide an opportunity to go beyond the longer-term impact of planning to create 
processes that was locally driven. And what kind of self-organization which can be 
possibly formulated and well established for the low-income settlement conditions. 
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CHAPTER 3 





In particularly, the half of the world’s population is estimated to live in cities and it is 
increased actually from 776.7 million in 2000 to 827.6 million in 2010 and will reach to 
889 million by 2020 (UN-Habitat, 2010). More than 90% of the urbanites will locate in 
developing countries, which are characterized by population migration, low stage 
economic development, poor environment (Pugh, 2000). It refers to a lot of problems 
for planning and low-efficient development project as covered in the urban, economic, 
social, environment and habitat.  
 
As Bangkok condition, the urban expansion is continuing in year by year. In Figure 3.1 
and Table 3.1, there is compared the urbanization between 1994 and 2009 using Kernel 
density of GIS-database (household points). It argued that Bangkok has grown rapidly 
over the past decades, in parallel with its population migrates from center core to both 
side of city. While, slums were replacing two distinctive terms between unplanned areas, 
which are being subject to life treat, housing, health and tenure risk, and unsafe areas, 
which are characterized to squatter settlement, building regulation and laws (Khalifa, 
2011). The slum leads to the increasing rates of population and housing density in terms 
of non-compliance laws of planning and building regulations. Moreover, the typical 
analyzing poverty is attended to the urban poverty merits in the national level or spatial 
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distingue by general classification of urban or rural area (Baker, et. al., 2004). There are 
three distinctive characteristics along which urban poverty and vulnerability differ from 
rural poverty as commoditization, environmental hazard, and social fragmentation 
(Moser, et. al., 1996). While the world environment problems can also be severed in 
slum but rarely cause as much as those human hardships for the household and 
neighborhood level (Mcgranahan, 1993). On the other hand, insecure land tenure, a lot 
of poor urbanites have not provide yet another disincentive, to invest in environmental 
quality commensurate that the burden of most environmental problems fall more 








Figure 3.1 The urbanization expansion between (a) 1994 and (b) 2009 using Kernel 
Density Analysis 
 
Table 3.1 Urban Density Estimation of density map in Figure 3.1 (area: Hectare) 
Legend (a) 1994 (b) 2009 
Very high 2,953.95 6,248.03 
High 12,752.33 23,915.97 
Moderately 29,311.56 32,443.90 
Low 44,110.15 33,823.59 
Very low 67,745.71 60,442.21 
(a) (b) 
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The Cities Alliance in 1999; The Asian Development Bank (ADB), European Union 
(EU), United Nations Environment Programme (UNEP), UN-Habitat, World Bank, 
Strategic Defense Initiative (SDI) and other leading global associations of local 
authorities started the campaign of cities without slums. The objectives were adopted 
100 million slums dwellers by 2010 and ensured environment sustainability. However, 
nowadays, some projects were successful but some were not completed or still failed 
because slum recently has many consequent of meanings that usually refer to a 
residential area inhabited who have no land tenure or unexpectedly well-maintained 
structure (UN-Habitat, 2003). In fact, slum is still tacking the deteriorating situation, 




3.2.1 Kernel Density Estimation 
Kernel density estimation (KED) is a function of probability density using a 
generalization of smoothing technique, which weights events within its sphere of 
influence according to their geographically referenced point pattern analysis. Indicating 
the individual intensity observation is being estimated over space (Gatrell, et al, 1996). 
The points lying near the center of a search area are weighted more heavily than those 
lying near the edge (McCoy & Johnston, 2001). It would be allowed the computation of 
specific object of point processes. 
 
This spatial intensity is similar to estimating the bivariate probability density (Bailey & 
Gatrell, 1995). The KED divides the entire study area into predetermined number of 
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cells. A circular neighborhood around each cell, KED draws a circular neighborhood 
around each feature point and applied from 1 at the feature point position to 0 at the 
neighborhood boundary (see Figure 3.2).  
 
Figure 3.2 Diagram of kernel density estimation method 
Source: Bailey & Gatrell, 1995 
 
The commonly method is used in a general statistical context to obtain smooth estimates 
of multivariate probability densities by sample of observations (Silverman, 1986). 
Formally, the general form of the KD function is estimated as: 
 









            (1) 
 
where (s) is the estimate of the intensity of the spatial point pattern measurement at 
location S; Si is the observed íth event, k represents the kernel weighting function and  is 
the bandwidth (Borruso, et. al., 2004). 
 
Density can be sum all of point pattern, which were recorded and measured by simple 
and kernel. The simple of KDE method provides considerable advantages compared to 
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other techniques, such as a simple mapping of point patterns or ‘quadrat count’ analysis 
(Kloog, et.al., 2009), a statistical hotspot and K-means clustering techniques (Anderson, 
2008) for determining the spread of risk of an accident. In particular, it makes it 
possible to estimate the intensity of a point pattern and to represent it by means of a 
smoothed continuous surface in the parameter’s distribution (Gatrell, et. al., 1996) in 
which there was controlled an increased likelihood for planning on spatial dependency. 
Using density method, an arbitrary spatial unit of analysis can be defined and be 
homogenous for the whole area, which makes a variety of spatial tools developed to 
assist the understanding of the geographies patterns change. The most promising of 
these tools is kernel density estimation (Chainey, et. al., 2005).  
 
The resulting surface is divided a selection of predetermined number of grid cells rather 
than considering a circular neighborhood around each area by KDE. This method was 
representing a symmetrical surface over each point and evaluating the distance from the 
low-income point pattern to a reference location based on a mathematical function. This 
procedure is repeated and allowed us to place a kernel over each observation, and 
summing these individual kernels for creates the spatial pattern of low-income 
settlement. However, the KDE has documented parameters for density measurements 
that are limited process of deciding the bandwidth and grid cell size is somewhat 
subjective (Anderson, 2008). This resulting surface of KDE is a selection of grid cells, 
which have an extensively high density and supported the detail of expansion by certain 
Cluster analysis. Conceptually, low-income neighborhood is defined around each raster 
cell center, and the number of points that fall within the neighborhood is totaled and 
divided by the area of the neighborhood. 
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3.2.2 Certain Clusters Analysis 
 Average Nearest Neighbor 
ArcGIS's Average Nearest Neighbor tool determine distances and statistics (Stuemke, 
2009), Some approaches of pattern analysis use statistical methods, which is one of 
simple test for measures between each feature centroid and its nearest neighbor's 
centroid location. The data divided the distribution of the features being analysis that are 
considered cluster analysis tools into location expansion. The illustration of a nearest 
neighbor based on the average distance from each feature to its nearest neighboring 
feature require either Euclidean or Manhattan distance. These results are accessible 
from the Results window and also passed as derived output values for potential use in 
models or scripts (see Figure 3.3).  
 
 
Figure 3.3 A Custom model parameter prior results window to running  
the spatial statistic toolbox 
 
The Average Nearest Neighbor tool focused on five values: Observed Mean Distance, 
Expected Mean Distance, Nearest Neighbor Index, Z-score, and P-value. In particular, 
the Nearest Neighbor Index is expressed as the ratio of the Observed and the Expected 
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Mean Distance. The ratio index of this method is expected distance the average distance 
between low-income point locations and their nearest-neighbor locations in a 
hypothetical random distribution. If the index is less than 1, the pattern exhibits are 
‘clustered’; if the index is greater than 1, the patterns are evenly ‘dispersed’; if the 
index=1 the patterns are random. In part of the Z-score and P-value results are measures 
of statistical significance, which tell you whether or not to reject the null hypothesis. 
For the Average Nearest Neighbor statistic, the null hypothetical state that features is 
randomly distributed and covered the same number. 
 
 Ripley’s K-function 
Ripley’s K-function (Ripley, 1981) is the secondary-order of normalized moment and 
more function in order to understand how the sample points are clustered at different 
scale by density or intensity of point per area in spatial analysis tool. Moreover, there 
was another way to analyze the spatial pattern of incident point data. A calculation 
based on all the distance between events in the study area, the K-function tool computes 
the average number of neighboring features associated with each feature; neighboring 
features are those closer than the distance being evaluated. There are many variation of 





where d is the distance, n is equal to the total number of features. A represents the total 
area of the features and ki,j is a weight. If there is no edges correction, then the weight 
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will be equal to one when the distance between i and j is less than d, and will equate to 
zero otherwise. Using a given edge correction method will modify ki,j slightly. 
 
This tool specified and evaluated the distances number and optionally a starting distance 
and/or distance increment. With this information of average number, the neighboring 
features associated with each feature. If the particular evaluation distance neighbor of 
average number is higher than the feature of average concentration throughout the study 
area, the distribution is considered the clustered distance. 
 
As a result of analysis, the points will be used in the calculation and used only for edge 
correlation as a necessary distribution pattern in the buffer zone. The output was 
considered two possible null hypotheses case of Complete Spatial Randomness (CSR);  
(1) The observed weighted results fall outside the unweighted results confidence 
envelope, the pattern of weighted features is not significantly more clustered (dispersed) 
than underlying pattern of those features, and  
(2) The observed unweighted results fall within the weighted results confidence 
envelope, the pattern of weighted points is more clustered (dispersed) than chance 
would have it.  
 
For the purpose of this paper, we introduced here two approaches using Kernel Density 
Estimation and Certain Clusters Analysis. The first exploratory method considers the 
density variable of the low-income events and analyses. The second method is clarified 
and clustered by Average Nearest Neighbor and Ripley’s K-function. These contexts are 
provided the situation of low-income settlement and expansion from Bangkok.  
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3.3 RESULTS AND DISCUSSION  
 
The Geographical Information System (GIS) intensity of events across the low-income 
household points of database 2009 (see Figure 3.4) to create the spatial analysis using 
Kernel Density Estimation (KED) and the Certain Clustering Methodology also 
estimate the low-income settlement using Average Nearest Neighbor index and Ripley’s 
K-function to clarify the situation of related the low-income expansion. 
 
Figure 3.4 The low-income household points (239,480 household dwellers)  
 
3.3.1 Kernel Density Estimation (KDE) Result 
The KDE is enabled a manipulation and overarching visualization of low-income 
settlement and expansion based on the several density plots and settlement system of 
building area. The size of radius is varying guidelines for choosing a search radius upon 
that depends on the nature of identified point. The smoothing kernel density was leading a 
surface estimation method and kind for a mathematical term of averaging function. In 
many cases, this methodology assigns a bell-shaped surface over crime location within 
the highest point of the bell directly over the crime location (Gorr, et. al., 2012).  
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Figure 3.5(a) Approaches of the KDE spatial maps  
 
 
Figure 3.5(b) KDE pattern of low-income settlement 
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Figure 3.5(c) Measuring geographical distributions of KDE 
 
 
Figure 3.5(d) The KDE highest range using the contour polygon 
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This analysis choose the KDE smoothing critical of parameter for calibrating and tested 
the search radius, it should be relatively small because the low-income physical factors 
will be small clustering in each area. Thus, the radius is set around 1000 ft., which is 
provided the highest R2 on the short axis, and one of these radiuses generates peak areas.  
 
Figure 3.5, the point pattern analysis was considering as: (a) the urban area density; and (b) 
the low-income housing density in the spatial raster maps using KDE. The KDE determined 
the smoothing degree of point features around each output raster cell. The low-income 
settlements are classified by four characteristics; (1) area site less than 1,600 square meter 
per 15 units; (2) number of story is only 1st floor; (3) type of household are detached house, 
flat, and floating house; and (4) characteristic of building is wood or corrugated iron. Using 
KDE technique, which is transformed the spatial analysis map into the density of 
low-income settlement surface (see Figure 3.5(b)). There are generated the highest event 
occurs in close proximity around center of the highest urban density area (see Figure 3.5(a)). 
The highest low-income housing densities were reflecting 10 settlements on the Measuring 
Geographical Distributions as the standard deviational ellipse, and standard distance (see 
Figure 3.5(c)). 
 
However it has not clusters the highest zone but also disperses around urban area. 
Mitchell (2005) described the measuring geographical distribution tools were used to 
demonstrate concentration and strong directional trend of events since there is measures 
dispersal as well as orientation. Also there was created the highest contour polygon 
range which is value corresponds to the highest range (z-score= 0.000080435) in the 
radius density map (see Figure 3.5(d)). The high standard deviations pertain to the very 
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high values of the distribution in the hot spot cells of the 1,000 ft. radius map into vector 
contour lines stored as ten polygons. The result found the highly density location of 
low-income settlement that almost are clustering or dispersing into ten special zones 
around Bangkok, Thailand. This step will seem the settlement of low-income household 
that was included as one in three priority of developed area and nine in ten special zones 
lie on center of Bangkok. 
 
3.3.2 Certain Cluster Analysis Result 
Secondly, the certain cluster analysis, we choose the average nearest neighbor function 
for investigated the low-income point patterns. The tool was measured the distance 
between each feature centroid and its nearest neighbor’s centroid location. The average 
nearest neighbor calculation used both of the Euclidean distance and the Manhattan 
distance for comparison of different results (see Table 3.2).      
 
The results of average nearest neighbor distance of low-income point pattern analysis 
(see Table 3.2); the Euclidean straight-line distance method may be less than the 
Manhattan straight-line distance. However, both of the main value of the observed mean 
distance is less than the expected mean distance that is meaning the clustered point and 
evenly spread. Moreover, the nearest neighbor ratio, the index is less than 1, the pattern 
exhibits clustering. In particularly, Z-score is a less than 1% likelihood that this 
clustered pattern could be the result of random chance and the clustering does not occur 
by chance alone. And P-value, probability of significant level is 0.1 that means there is 
only a 10% chance obtaining the observed (or more extreme) result if no real effect 
exists (Mitchell, 2005).  
 53 



























In case of ten special areas, some clustering indicates a highest level of statistical 
significance (Z-score < -1.65 (see Figure 3.6(b))) to the clustering of the low-income 
settlement data but there is small possibility (Ratio Index < 1 (see Figure 3.6(a))) that 




Figure 3.6 Summary of ten Zones; (a) Nearest Neighbor Ratio Index, and  
(b) Z-score Analysis. 
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Finally, the Ripley’s K-function was presented the normally statistic graph in the 
independent variable. Figure 3.7 maybe poor resolutions when the values of sample 
statistic are close to spatial randomness. K-function determined whether feature or the 
values associated with features exhibit statistically significant clustering over a range of 
distances. Mathematically, the multi-distance spatial cluster analysis tool has been used 
a common transformation L(d) of Ripley’s k-function which is explained by Ripley’s 
edge correction formula parameter of the boundary correction method, the minimum 
enclosing rectangle method, and 90% for the confidence interval.  
 
 
Figure 3.7 Multi-distance spatial cluster analysis of Ripley’s K-function method  
 
In addition to these effect, we found that the almost of ten special cases are estimated 
the spatial clustering. The distances of Observed(k) is greater than Expected(k) which 
distribution is more clustered than a random distribution of that distances. Moreover, It 
is greater that High Confidence Envelope(k) which differ by a way in which the 
distance of spatial exhibiting cluster was found statistically significant. For each 
specification, we estimated Figure 3.7(10) that there was highest rate of the observed(k) 
and also lowest rate of the ratio index. Hence, the case (10) is also highest clustering in 




The smoothing kernel density estimation and the certain cluster analysis can be 
explained the results. 
 The kernel density analysis could be useful for identifying the settlement of 
low-income point that is interested problem and the pattern may be discovered inside 
the standard deviation ellipses and standard distance (the measuring geographical 
distributions). Moreover, there were distributed spot though to outside both of the 
measuring geographical distributions standards.    
 Nearest neighbor and K-function of statistical distance demonstrated the points, 
which are clustered and evenly spread, and the pattern also spatial exhibits clustering 
especially as case (10). 
 
The results required the commonly techniques to understanding the low-income 
settlement of Bangkok growing city. Almost low-income settlements have had a strong 
positive effect on the clustering patterns around center of urban area, that it seems 
estimated in the kernel density analysis model and the statistical of certain clusters 
analysis. By the way, slum conditions are not only clustering into center cities but also 
evenly spread on the highest density area. In subsequent study, this chapter aimed to the 
relationship between remote sensing technique and spatial pattern analysis are 
quantified the classification land use, which evenly spread the spatial pattern form of 
urban expansion at different of time periods. The comprehensive knowledge based can 
be identified the low-income settlement points by household database 2009, which is 
estimated the density of low-income settlements and reflected to urban density distance. 
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As a conceptual link with established the specified low-income locations, which is 
generated by the intensity of spatial point pattern and clustered into the highly range of 10 
districts for specifically considering the character of low-income settlements in the stage 




Figure 3.8 The stage of city scale 
 
For further opportunities, these relationship to existing methods has been investigated the 
low-income projects by specifically the sampling distribution and specifically identified 
the applications of sample sizes where purposive results can be achieved. Finally, On 
behalf of communities scale, some projects of slum upgrading are significantly successful 
for upgrading slum process. Regard from Archer, (2012) found the scaled-up approach of 
upgrading slum that Baan Mankong projects by CODI can be improving shelter and 
strengthening more cohesiveness than a profit-driven financial investment. This finding 
raises an important policy issue that the purposed technique may be perhaps fulfilling 
more importantly case for using the scaling-up project and useful for collecting and 
disseminating the low-income improvement projects by simple point data. Thus elevating, 
the probability of geographical bias could be created the particularly investigated of 
meaningful results like the flexibility advantages of urban habitat. Hence, if the 
low-income are considered the living standard, the slum settlement may be saving for 
habitation and trying to make provisions for their future needs such as providing financial 
support and interpreting our conditions.  
Step 1 
“Spatial Pattern” 
Expanded pattern of 
urbanization and urban 
form conditions 
Spatial intensity of 
low-income density 










More importantly, the speed and scale of this growth have usually been concentrated in 
developing countries that are characterized by larger metropolitan areas and a great 
number of megacities. Inevitably, prolific population growth leads to a rapid expansion of 
urban growth, causing changes in land use and land cover in many metropolitan areas 
around the world. Significant, uncontrollable changes can intensify a large number of 
social and physical problems; especially in many developing countries have deployed 
various products, themes and re-sources to compete for a share of tourism and other 
external capital. Some researchers have focused on qualities such as centers of cultural 
(Grifﬁths, 1995) or advantages of site (Barke and Harrop, 1994). 
 
As rapid urbanization, escalating poverty and inadequate institutional capacity that is 
provided to infrastructure, housing and employment opportunities. Consequently, a 
growing proportion of urban population is living in housing poverty in slum so there 
was resulted to "low-income housing" growth. Most of the developing world, which are 
least equipped to deal with rapid urbanization -- 95 % -- and will be absorbed by cities 
of the developing world (UN-habitat, 2006). Urban poverty merits attention in its own 
right since it presents some issues distinct from those addressed in the typical analysis 
of poverty (Baker and Schuler 2004). There are three distinctive characteristics along 
which urban poverty and vulnerability differ from rural poverty: commoditization, 
environmental hazard, and social fragmentation (Moser, et. al., 1996). Including to 
insecure land tenure, the lot of many poor urbanites, provides yet another disincentive to 
invest in environmental improvement that the burden of most environmental problems 
falls more heavily.  
 
Moreover, the public service of environment may not be suitable even for affluent cities. 
Most government of developing countries is finding it increasingly difficult to bear the 
burdens of environmentally heedless urban dwellers. For environmental management, 
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many shifts of urban development proposals have emphasized onto more sustainable 
path support a move away from centralized service supplying, household activity and 
community involvement (Gordon, 1993). Moreover, the environmental hazards risks are 
also higher in urban areas by the climate change crisis. The combination of inadequate 
access to water and sanitation, poor quality housing, and overcrowding increases the 
health risks facing urban residents and the urban poor in particular. Thus, low-income 
dwellers are hardship of being poor health services compared to general households 
which is residing in non-slum/ low-income settlement area (Rutstein, et. al., 2005). 
 
In Thailand, the urban population was 31.1 % of total national population in 2000 and is 
projected to increase to 45.8 % by 2030. The result of Chapter 3 showed the urbanization 
made the highly build-up area in 1994 and 2009 using Landsat TM (Band 7, 4, 3) in 
resolution 30 meters. In addition, there are also generated in several low-income 
settlements in 2009 using Point Pattern Analysis (see Figure 4.1) of Kernel density 
analysis. Most of the inhabitants are believed to be poor such as; the area less than 1,600 
sq.m. / 15 units, number of story, the type of detached house/ flat/ floating house, and the 
construction materials are wood/ corrugated iron. 
 
In particular, there are two posing unprecedented problems for governments and local 
authorities – rapid urban population growth and urban poverty. However, in Thailand, 
low-income dwellers account for 3 % of the total population, and of the total low-income 
population, 84 % live in the Bangkok, and the rest live in other municipalities of the 
country (Pornchokchai, 2003). Moreover, Thai urban planning tends to perform very 
poorly and has had almost no effect on shaping Thai urban form and land use due to the 
lack of policy coordination and synchronization in central and provincial level. In 
Bangkok and its surroundings, urban development has generated many slums. They 
increased from 50 communities or settlement in 1968 to 1,020 in 1985 (Pornchockchai, 





Figure 4.1 The investigated of low-income settlements as well as;  
(a) Build-up area density (see Table 4.1), (b) Density estimation of low-income point, 
(c) Highest range of contour polygon (z-score = 0.000080435), and  
(d) Point location of 10 highly density area (see Figure 4.2)  
 
 














Table 4.1 Density of low-income settlements using GIS-Point Density Estimation  
Legend Density Levels Area (hectare) 
 Very high 6,248.03 
 High 23,915.97 
 Moderately 32,443.90 
 Low 33,823.59 
 Very low 60,442.21 
 
As a result, Thai cities are built up self-organization, the Thai government has been 
implementing several programs for slum upgrading, e.g., re-blocking (re-design), 
reconstruction, land sharing and relocation in slum areas (Guerra, 2004). The Thai 
government was making improvements such as roads and walkways, water supply, and 
electricity in slum upgrading projects and providing affordable housing through by the 
National Housing Authority (NHA) and Community Organizations Development Institute 
(CODI). However, almost low-income dwellers are located nearby CBD, they did not 
want to improve or remove to other place. Anyways, low-income settlement of Bangkok 
was still addressing the main problems of comprehensive information and increasing in 
year by year (see Figure 4.3). Thus, these highly dynamic areas as a basis for climate 
change condition plan for Bangkok Thailand and developing country. 
 
Figure 4.3 Statistical profiles of low-income households in Bangkok since 2000-2009 
Source: Strategy and Evaluation Department, BMA, 2010 
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In the stage of district scale, phase 1 is provided physical environment character rise to 
multi-criteria analysis (MCA) based on geographical information system (GIS). This 
technique has optimized the character and can be thought a process in the sense that 
offers unique capabilities for automating, managing, and analyzing a variety of spatial 
data for decision making (Drobne and Lisec, 2009). The output map is alternative to the 
layer approach of GIS oriented objects, which is closely represented the real world 
elements and spatial low-income settlement character. Two methods of MCA and GIS 
are calculating the simplify situations of alternative factors. It is becoming more feasible 
to configurated, with using both the analytical hierarchy process (AHP) and the 
weighted linear combination (WLC). This tool measured the usefulness of relative 
important weights for investigating the "low-income settlement" in consequences the 
environmental conditions and location system (e.g. sensitivity analysis, risk approaches). 
Moreover, the highly effected of the low-income settlement character can continues 
surfaces of suitability area in case of Bangkok growing city, Thailand. It is estimating 








The methodology was discussed and defined which is a generalised of Multi-Criteria 
Decision Analysis (MCA) using GIS based spatial decision making procedure and 
compared of both approaches has been made the environmetal condition and location of 
low-income settlement and expansion. MCA for calculating the simplify situations of 
alternative factors based on geographical information system GIS has an important 
position of decision-making process. 
 
Research Question: How to investigate the low-income settlements in consequences of 
an urbanization approaches of Bangkok’s capital, Thailand ? 
 
Hypothesis working: The low-income settlements were interested the main problem of 
urbanization crisis and also more heavily burdened by urban environmetal condition in 
consequence of Bangkok growing city in Thailand such as urban density, flood, pollution, 
and so on. 
 
By this study of phase 1, multi-criteria analysis (MCA) is necessary to establish a set of 
weighted factors using AHP analysis with expert knowledge. Finally, there is becoming 
more feasible to configurated and reclassified the aggregation map using urban 
environmental effect factors by districts, with WLC operators (see Figure 4.5). 
 
 
Figure 4.5 Multi-criteria analysis (MCA) method 
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4.3 WEIGHTS CRITERION AND EVALUATION 
 
4.3.1 The Analytical Hierarchy Process (AHP) 
In developing weight, Saaty (1977) developed in context of decision-making process 
known as AHP. A weight of this nature can be derived by taking the principal 
eigenvector of a square reciprocal matrix of pair-wise comparisons between the criteria 
and deal with the relative importance of the two criteria involved in determining 
suitability for an individual or group compares. These methods provide an estimate of 
the relative weights of the relevant criteria. In addition, an index of consistency can be 
produced a procedure and a consistency ratio (C.R.). C.R. is defined the probability that 
the matrix judgments were generated randomly as:  
C.R. =  C.I. / R.I.      (1)  
where R.I. is the random index, and C.I. is the consistency index which provides a 
measure of departure from consistency. 
C.R. =  (λ𝜆max – n) / (n – 1)      (2) 
where λmax is the average value of the consistency vector, and n is the number of criteria. 
C.R. is ordered of 0.1 or less is a reasonable level of consistency by Saaty (1977).  
 
The random index is the consistency index of the randomly generated pairwise 
comparison matrix and depends on the number of elements being compared. The 
comparisons deal with two criteria involved in a pairwise comparison scale (see Table 
4.2) and random inconsistency indices (R.I.) for number of criteria (see Table 4.3). 
 
Table 4.2 The pairwise comparison scale  
Intensity of Importance Definition 
1 Equal importance 
2 Equal to moderate importance 
3 Moderate importance 
4 Moderate to strong importance 
5 Strong importance 
6 Strong to very strong importance 
7 Very strong importance 
8 Very to extremely strong importance 
9 Extreme important 
Source: Saaty, 1977. 
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Table 4.3 Random inconsistency indices (R.I.) for different numbers of criteria 
n 1 2 3 4 5 
R.I. 0.00 0.00 0.58 0.90 1.12 
      
n 6 7 8 9 10 
R.I. 1.24 1.32 1.41 1.45 1.49 
Source: Saaty, 1977.     
* R.I. is the random index, n. is number of factors 
 
For example when the WLC adopted some similarities with the type of spatial AHP 
(analytic hierarchy process) used by Anagostopoulos et. al. (2009), Samo and Anka 
(2009). The Analytical hierarchical process (AHP), an adoption of WLC, can be used in 
two distinctive ways within the GIS environment: first, it can be employed to derive the 
weights associated with criteria map layers, and second, the AHP principle can be used 
to aggregate the priority for all hierarchical levels including the level representing 
alternatives (Samo and Anka (2009), Saaty (1977)). Moreover, the pairwise comparison 
method employs an underlying continuous scale with values from 1 to 9 rates the 
relative preferences for criteria between “equally” important and “extremely” important. 
With different sets of order weights, one can generate a wide range of decision 
strategies in terms of risk and trade-off. The order weights are assigned on the basis of 
the triangular decision strategy space will determine the position in the risk dimension. 
As a result, the size of areas that could be recommended for prioritization becomes 
gradually larger (Malczewski, 1999). 
 
4.3.2 The Weighted Linear Combination (WLC) 
WLC is one of the most common methods in local MCA and a concept where 
event-controlling parameters can be combined by three levels evaluation. Frist, the 
importance of each criterion or factors is evaluated against other criteria. Second, data 
for each criterion are standardized. Third, the index value is calculated for each unit area 
values and dividing the sum by the total of the weights. WLC and its variants require 
summation of the weighted criteria. WCL is the most frequently referred method that is 
popularity lie and easy to understand for obtaining attributes weights or adopted 
standardization process based on GIS technical analysis.  
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The criteria are measured on different scales, it is necessary that factors be standardized 
before combination, and that they be transformed, if necessary, so that all factor maps 
are positively correlated with suitability. A linear scaling method has applied typically 
using the minimum and maximum values as scaling point for standardization that the 
simplest is following as: 
 
                                   
        (3) 
 
where Ri is the raw score of factor i, Rmin is the minimum score, Rmax the maximum 
score, and SR is the standardized range. 
 
With the weighted linear combination, factors are combined a weight to each followed 
by a summation of the results to yield a suitability map: 
 
S = ΣWi Xi     (4)  
where S is suitability, Wi is weight of factor i (the weights are then usually normalized 
that sum to 1 (ΣΣWi = 1), and Xi is the criterion score of factor i .  
 
The importance weights is expressed the relative importance of each criterion in the set of 
criteria under consideration. Thus, the evaluation criteria are incorporated and respected 
to the decision process. The criterion values are associated on a location-by-location 
(object-by-object), and assigned to a location’s attribute values in decreasing order 
without considering which attribute the value comes from (Malczewski, 2004).  
 
In the other hand, there are some limitations of WLC procedures in decision-making 
process of the weighted and the procedures for deriving commensurate attribute maps 
(Malczewski, 1999). In particular case, they suggested that the Boolean criteria analysis 
(Al-Adamat, R., et al., 2010) or Ordered Weighted Aggregation (OWA) (Jiang and 
Eastmann, 2000; Malczewski, 2006; Drobne and Lisec, 2009) that GIS made a 
consistent logic could be solved and considered this MCA features of decision-making 
as a set problem and through the criteria measurement in ArcGIS. However, this study 
Xi =  (Ri  - Rmin)    * SR 
 (Rmax - Rmin) 
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found the best result of urban environmental effect map using by WLC technique based 
on GIS. Furthermore, the result can be described the risk levels of low-income 
settlement in consequence of Bangkok lowland and growing city, Thailand as well. 
 
4.4 RESULTS AND DISCUSSION 
 
An urbanization and lowland site selection process requires and creates consideration of 
urban environmental criteria to evaluate the sensitive area and to eliminate long-term 
effects of the low-income settlement.  
 
Table 4.4 classified 6 factors, which are affected for urban environment in consequence 
of Bangkok such as flooding, air pollution, water pollution, noise, global warming, 
biodiversity, energy, waste, damage, etc. Each factor, which represented in the 
environmental impact of inefficiency urbanization projects based on MCA-GIS, 
including AHP and WLC that are technical for analyst and evaluates between difference 
methods.  
 
Table 4.4 List of urban environmental factors 
Date Factors Constraint factors Scale 
2009 Urban Area Point Density Estimation 1:250,000 
2009 Roads Buffer zone 1:250,000 
2009 Highways Buffer zone 1:250,000 
2009 Railways Buffer zone 1:250,000 
2009 Canals Buffer zone 1:250,000 
2009 River Buffer zone 1:250,000 
 
A pairwise comparison matrix scale was derived and related importance on analysis of the 
AHP techniques with expert knowledge (see Table 4.5). The calculation preferred the 
important levels weights of the synthesizing judgment matrix, as well as the eigenvector 
corresponding components weighted that factors was indicated the standardized fuzzy 
value of each criterion for each alternative. It is also pointed out of the consistency degree 
that has been improving the ratings.  
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In AHP, the consistency index, the procedure of consistency ratio was generated to 0.023 
that ordered of 0.10 or less and also acceptable (Saaty, 1997). A comparison of this 
approach has been made, based on result of land suitability and urbanization research 
factors.  
 
The procedure rule evaluated the weights criteria, risk, and trade-off methods for 
investigate the factors and combined the actual environmental impact lies on low-income 
settlement using WLC technique modules in the GIS program to be used for sustainability 
monitoring of data storage. Thus, the integration of WLC into GIS enhances not only for 
evaluation but the GIS also become a useful for spatial decision support system in ArcGIS 
processing tools.   
 
4.4.1 WLC Approach 
The aggregation of WLC method is ability related the weighted criteria of urban 
physical environmental element of Bangkok. There were identified 6 factors, which is 
the most important in searching for suitable area by expert and standard of its efficiency 
of public services in Bangkok (see Table 4.5). 
 










     
0.236543 
Roads 1/4 1 
    
0.062424 
Highways 1/2 3 1 
   
0.145219 
Railways 1/2 3 1 1 
  
0.145219 
Canals 1/5 1/2 1/4 1/4 1 
 
0.042071 
River 2 5 3 3 4 1 0.368524 
Source: Deadma, 1993; Al-Kheder, et. al., 2008; Javadian, et al., 2011, Mohammadi, et 
al., 2012; Kordi and Brandt, 2012. 
*** 
Consistency Index (C.I) / Inconsistency Ratio = 0.02885 
Random Inconsistency (R.I) (Table 2) = 1.24  
Consistency Ratio (C.R.) = 0.023 (Acceptable) 
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Table 4.6 The urban environmental criteria for weights, ratings and justifications 











































Canals 0.042071 0-100 m. 
> 100 m. 
3 
1 











Table 4.6 summarizes the findings of the 6 criteria studies for weights in respect of 
ratings of urban facilities justifications.  
 Urban distance was created the Kernel Density Estimation, generalization of 
smoothing technique within the geographically referenced point pattern analysis, 
estimating their spatial intensity map (Gatrell, et al., 1996). This factor is interested in 
air pollution, noise, energy consumption, bio-diversity, and climate zone. 
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 Roads were according to Javadian, et al., (2011), they studied the sustainable 
urban application and air quality from road, a maximum distance of approximately 
100-500 meters and more conservative level is 200-500 meters. 
 Highways were according to Javadian, et al., (2011), they studied the 
sustainable urban application and air quality from freeway/highway, a maximum 
distance of approximately 150 meters and concentration decreased level after 300 
meters. This factor is interested in air pollution, noise, energy consumption and climate. 
 Railways were according to Glegg, (2007), he studied the railway noise 
environmental controls, and definite limits will be suitable interval for general use on flat 
ground 45-60 meters as air pollution, noise, and energy consumption.  
 Canals were according to Sliva, and Williams, (2001), they studied the land use 
impact on river quality that should slightly greater influence than 100 meters buffer as 
in water pollution, waste, damage and bio-diversity. 
 River was according to many researchers; they were considered the river buffer 
zone for interested in water quality, conservation, bio-diversity, and hazards stronger 
than 2-5 kilometers, which is the main river (Chao Phraya River) of Bangkok. 
 
As a result of WLC, the integrated hierarchical structure of the criteria considered which 
consists of five levels for contamination all maps approach of the urban environment 
condition and flooding risk of low area. In this model, there are determinate the 
important assessment factor of urban environment impact using the AHP before 





Figure 4.6 Aggregation maps of WLC criteria analysis; (a) urban distance, (b) roads 
distance, (c) highways, (d) railways, (e) canals, (f) rive 
 
Regarding the map resulted of WLC criteria calculation shown in Figure 4.7, which is 
generated the eigenvector directly. The pairwise comparison technique of weight utilizes 
are set of 1.0 sum factor weights and importantly a consistency ratio. WLC method was 
multiplied each standardized factor (Samo and Anka, 2009) and compensatory 
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combination rules (Malczewski, 2000) by its corresponding weight. The aggregation 
map allowed the standard deviation lies on mean value, retaining important information 
of urban intensity sensitive elements. The final map found the principle of standard 
deviation method for the best result that provided into five land-use intensity 
classifications (see Figure 4.7 and Table 4.7).  
 
The extreme important area will be divided into the most highly impact of urban 
environmental factors in Bangkok. It was contained 5,987.546 hectare that is nearly the 
main river or center of Bangkok (3.817% of the total area). While the equal importance 
or less impact was remained 1,095.593 hectare (0.698 % of the total area) that had still 
remanded on some area as far from center of Bangkok city. In addition to the areas 
under moderate or strong importance was distributed 26,650.949 hectare (16.989% of 
the total area) widely in the eastern and western part of area study. 
 
The WLC method within GIS environment analysis resulted into five classes that are 
emphasized the urban environmental impact assessment flexibility of site selection of 
low-income settlement point on several spatial map. As the explained above, discussion 
of low-income settlement approaches, the aggregation method used AHP and WLC, 
allowed compensatory combination rules between spatial intensity of auto-correlation 
map and fully trade-off with each other of urban environmental impact factors shown in 
Figure 4.7. The map also contained the geographic location of urban environmental 
effect map and sensitive area used in the MCA method in ArcGIS 10.0. In this section, 
both of AHP and WLC generated between the result of WLC technique (see Figure 4.7) 
and the 10 specific cases of low-income settlement in Bangkok (see Figure 4.2). 
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Figure 4.7 The result of WLC criteria analysis based on standard deviation map 
 
Table 4.7 The result of urban environmental effect map using WLC technique 
Levels of urban 
environmental effect  
Area 
Hectare Percentage 
Very high 5,987.546 3.817 
High 14,421.068 9.193 
Moderately 26,650.949 16.989 
Low 108,718.544 69.303 
Very low 1,095.593 0.698 




Figure 4.8 The adaptation of low-income settlement point followed as;  
(a) Contour of low-income point pattern analysis (see Figure 4.1), (b) WCL result of 
urban environmental effect map, (c) Overlay analysis with WLC method, (d) Generated 




Table 4.8 Classes of specified low-income settlement districts based-on urban 
environment effects outcomes using MCA-GIS technique 
Area no. 
Geographic Coordinates Location 
Class 
X Y 
1. Saimai 2218080.00 5050309.36 Very Low 
2. Chatuchak 2187441.07 5005755.92 Very High 
3. Bangphlat 2171454.06 4995255.57 High 
4. Ratchathewi 2187780.31 4991038.32 High 
5. Thalingchan 2158592.55 4987036.94 Moderately 
6. Ratburana 2166491.23 4987548.86 Very High 
7. Klongtoei 2205752.36 4971971.93 Very High 
8. Phrakhanong 2213905.57 4973702.86 Moderately 
9. Suanluang 2219912.07 4970094.13 Moderately 
10. Bangkapi 2228924.22 4993586.98 Low 
 
The WLC inventory map was estimated the low-income settlement point using highest 
range of contour value corresponded. Generally, the calculated result was identified the 
instability levels of 10 specified cases of low-income settlement which had significantly 
effected on urbanization crisis based on standard deviation equation method. As a result 
in Figure 4.8(e) shown the 10 cases which are separated into districts scale (see Figure 
4.8). There were distinguished due to 5 classes of urban environmental effects ranging 
from 0.99998986 to 4.831669807. There were 3 districts of very high such as Chatuchak; 
Ratburana; and Klongtoei, 2 districts of high such as Bangphlat and Ratchathewi, 2 districts 
of moderately, 1 district of low, and 1 district of very low based on unplanned and 
unsafe area conditions for selecting sensitive areas and demonstrating the powerful 










Aggregation maps of output factors proved to be flexible and practical tool for selecting 
the urban environmental effect areas which is affected to low-income settlement 
conditions using MCA based on GIS technique (see Figure 4.9). This methodology was 
developed the successful use of WCL analysis to address their needs. This technique 
can be found that the character of physical environmental impact and priorities of site 
selection of low-income settlements in each district levels.  
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Finally, the special low-income settlement cases are located by the contours of point 
pattern analysis using point density estimation using GIS technique, which is 
investigated the relationship between the low-income settlement points and the urban 
environmental effect outcome (see Figure 4.9). A number of preparation steps evaluated 
and ranked the degree of physical conditions on several factors that are combined effect 
of human life and land security (e.g. unplanning, low-efficient development projects and 
disaster risk conditions). Almost of special low-income cases were selected under high 
and very high level of aggregation map even though the urban environmental conditions 
were generated the extremely important of urban impact assessment such as crowded, 
pollution, noisy, flooding, climate change and so on (see Table 4.8). Thus, the modeling 
in this study identified hot-spot area that required the classes of low-income settlement 
on urgent intervention. While the low-income settlement character and living condition, 
were approached and relevant to many conditions of urban environmental effect levels 
in Bangkok, Thailand.  
 
Moreover, the result can be demonstrated to the strategies for urban environmental 
protection and management provided the 10 specified cases of low-income settlement, 
which is the main problem of growing city as well (see Figure 4.9). Thus, the predicted 
results are related to general low-income settlement perception on application of urban 
environmental impact factors to be more complicated the further low-income planning 










With the rapid urbanization was occurred in many part of the world, which had not been 
only generated to the environmental problems but also affected to the socio-economic 
development especially as developing countries, twice as high as the urban growth rate 
of more developed countries. The world population was projected to reach of 80% since 
1970-2000, the unprecedented urbanization rate is concerned the inherent demographic 
processes via a natural growth and migration of rural-urban population (Hope, 1986). 
The initial attitude and response of Thailand as the one of developing country had been 
imposed a long term due to the fast growing type of urban population was responsible 
for more than 50% of natural population in 1970-75 (Newland, 1980). These factors had 
been acted to the net income growth, which is effected on poverty depends on the 
offsetting factors dominate. However, consequence of a few years ago was being 
positively associated with higher industrialization and productivity. In opposite, the 
negative effects was experienced with the economic association and population of urban 
area, which the result of over-urbanization is extensively widespread unemployment 
and under-employment rate that is exceeded 25% in Latin America, Africa, and Asia in 
addition to many problems of lack of housing, accessibility of urban services, traffic 
congestion, and urban environmental pollution (Miro & Potter, 1980; Hope, 1986). In 
short, the overall developing countries are moving stage of a sharply increasing 
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demographic transition, thus the effectiveness was corrected into the economic model 
that it seems plausible react more immediately to definition of economic incentives than 
fertility of economic transformations (Backer & Morrison, 1999)  
 
Uncontrolled and unplanned urban growth makes it difficult to provide residents with 
the services they desire, despite the current urban bias with respect to development 
expenditures and strategies, that there are four common of the reasons for concern over 
the cost of (1) fiscal of the rapidly increasing demand, (2) high financial costs of 
international indebtedness, (3) economic efficiency costs, and (4) equity for high 
subsidize (Linn, 1982). The most commons were explained to income inequality, which 
are segmented the labor markets into formal or informal sectors. The conformance 
standard of labor regulations and payment of taxes are determined across 7 counties 
including Thailand (Mead & Morrison, 1996), as the housing priorities have not been 
able to given for fundamental demand. In developing world, more than half of informal 
sector employments lie on uncontrolled/ squatter settlements, slum, leads to 
overcrowding, and steeply climbing house price which were usually regarded to the 
social solution products as slum dwellings/ low-income settlement.      
 
Behavioral economic models are expected to more sophisticated demographic 
frameworks, which the one has been combined approach to the low-income settlement 
as the main effects for urban planning and policy management in Bangkok. More than 
90% of new urbanites were located by the explosive growth of population, low stages of 
economic and poor environment. However, governments have been forced the 
low-income settlements in response to their public policies and organization as National 
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Housing Authority (NHA) and Community Organizations Development Institute (CODI). 
There are provided and afforded the land, housing and facility in low-price. Among the 
output of successful management, both of potentials and limitations were spent more 
time to controlling and focusing on ownership and participation process. Lastly, almost 
low-income settlements /slum dwellers were not only scattered on relatively small plots 
of land nearby CBD of Bangkok, but also were introduced into the main problems of 
comprehensive information and urban dynamic approaches as shown in the point 
pattern analysis using GIS technique (see Figure 5.1). 
 





Figure 5.2 The multivariate classifiaction of low-income character (Phase 2) 
 
The most important character of urban area and low-income settlements, it should be 
argued that balancing sustainability urbanization in term of economic, social, 
environmental, political, and technology (Pugh, 1995). The contribution of this chapter is 
suffered Phase 2 from two main techniques (see Figure 5.2). Firstly, the concentrations 
of many factors are generated by principle component analysis (PCA) integrated with 
hierarchical cluster analysis (HCA), interrelation techniques between different 
phenomenon feature spaces under elevated conditions. Secondly, the clustering 
algorithm were delineated the quantitative or categorical values features of low-income 
socio-economic characters, which is structuring the entity groups in their specifics area. 
Though the analysis of clustering improvement, such a conceptualization and these 
characters would be supported the improvement of low-income homogeneity character, 
bringing new dynamic methods for socio-economic planning and management as one of 
the major observable case to deal with the developing country as Bangkok, Thailand.    
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5.2 METERIALS AND METHODOLOGY 
 
5.2.1 Sampling and Analysis 
According to the data collection of independent indicators was carried out by the 
Strategy and Evaluation Department Bangkok Metropolitan Administration in 5 years 
(2001, 2003, 2005, 2007, and 2009), into aggregate vulnerability indices can provided 
an overview of socio-economic character of Bangkok. Overall, 250 samples and were 
separated by 50 districts of area study.  
 
However, the large suites of individual indicators are difficult for measures the 
low-income environmental vulnerability index changes of spatial settlement, which are 
constructed in a quality of life and urban planning level. The choice of the trade-off 
between a total of 250 samples of 25 variables (see Table 5.1) were collected by the 
strategy and Evaluation Department of Bangkok, depends on the priority is extracted to 
the composite of low-income settlement character. The normalization of data is 
considered to guide policy tool for planning concern in term of causes and impact of 
socio-economical factors across to urban environmental changes.  
 
Table 5.1 Total of spatially datasets that is used in socio-economical variability 
Dataset name Description 
Area Size Area by districts  
Total PP Total number of population by districts  
Male N Number of male by districts  
Female N Number of female by district  
PP Density Density of Population by district per area 
Household N Number of household by district per unit 
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HH Density Density of household unit per area  
Slum PP Number of population who live in slum/ low-income settlement  
Slum Families Number of family who lie on slum/ low-income settlement  
Slum HH Number of slum/ low-income settlement per household unit 
Slum HH Den Density of slum/ low-income settlement per area 
Expenditure BG Index of the population expenditure budget per capital 
Property Taxes Index of house and building property taxes per capital 
Land Val. Taxes Index of local development taxes per capital 
Signboard Taxes  Index of signboard taxes per capital 
Factories N Number of industrial factories permission per unit 
Capital Fac. Index of factories production per capital 
Labors Fac. Number of labor’s factories per person 
Garbage Total Amount of garbage total per tons 
Residential Area Total of residential area by districts 
Commercial Area Total of commercial area by districts 
Industrial Area Total of industrial area by districts 
Hospital Area Total of hospital area by districts 
Education Area Total of education area by districts 
Region Area Total of region area by districts 
 
5.2.2 Principal Component Analysis (PCA) 
Principal Component Analysis (PCA) is a descriptive statistic tool that used in 
environmental studies for easily interpreted hidden complex and determined 
relationships among the observed variables. PCAs were extracting a small number of 
latent factors, while retaining important information and representing variables of the 
maximum variability in data index. PCA is aimed to finding a quantification of variable 
that examined the observed grouping and properties of the inherent pattern of individual 
objects with loading/ score plot. In this study, PCA is useful in reducing data 
mathematical that correlated variables into a new set of orthogonal variables called 
principle components (PCs). There were calculated based on the procedure to 
 83 
diagonalizable and finding the eigen vectors/ eigen values of the correlation matrix 
(Hair et al., 1987; Shiva & Khare, 2003) were associated close to or greater than one. 
PCA results will vary considerably depending on whether the covariance or correlation 
matrix. Moreover, the Varimax with Kaiser Normalization was loading the PC across 
variables for each factor used as the maximized rotation method by minimizing the number of 
large and small coefficients (Richman, 1986). The first few Eigenvectors (or PC1) account for 
the maximum total variability of the data set that is associated with largest eigen value and 
represents the linear combination, which retained with an eigen values greater than one (Eder, 
1989). The second PC explains a maximum variability, which is not accounted for PC1 and 
other PCs. The scores were estimated as follows: 
 
 𝑃𝐶𝑖𝑗 = ∑ 𝑊𝑖𝑘𝑋𝑖𝑘
𝑚
𝑘=1   (1) 
where PCij is the PC score for the jth object on the ith component, wik is the loading of 
the kth variable on the ith component, and xkj is the standardized value of the kth 
variable for the jth observation. 
 
In addition, Kaiser–Meyer–Olkin (KMO) and Bartlett's Tests of Sphericity were used to 
examine its validity (Zhou et al., 2007) and assessed to the appropriateness of factor 
analysis for the variables. The overall Measure of Sampling Adequacy (MSA) for the 
set of KMO variables, which exceeds the minimum requirement of 0.50 for overall 
MSA, indicates that PCA may be useful for the dimensionality reductions. All principal 
factors extracted the communality represent the proportion of the variance for each 
variable should be 0.50 or higher, and the cumulative proportion of variance criteria also 
satisfies the criterion of explaining 60% or more of the total variance.  
 84 
In Addition, the socio-economical vulnerability is presented the eigenvalues of 
component should not be less than 1.0, the original variation of proportion variables 
explained by Kaiser’s rule (Griffith et al., 2000). The PCs loading was defined the 
component of each individual vulnerability indicator based on the shape of scree and 
subjective judgment. According to the extracted process of PCA division was applied 
successfully in the large multivariate scale for setting of variables, and adapting to 
concentration level in other area. In this chapter, PCA data is performed using by SPSS 
statistical software as following in Figure 5.3, if YES, it passed into the next-step, it can 
be re-run factor analysis, excluding outliers. If NO, it may not be a pattern of factor 
loading match for full data set, it should be set the first random seed and compute 
factors, again. 
 
Figure 5.3 The flowchart of socio-economic division of Bangkok 
PCA Setting: developing uniform data set and 
checking for missing/unreliable entries 
Generalizing: Pattern of factor loadings 
excluding outliers match pattern for full data 





         Summary of Results 
 85 
5.2.3 Hierarchical Cluster Analysis (HCA) 
Cluster Analysis used Factor Analysis to group variables according to shared variance. 
There are several variable, examine how much variance these variables share, and how 
much is unique and then cluster variables together that share the same variables. The 
result of factor analysis was to isolate groups of questions that seem to share their 
variance in order to isolate different dimensions of SPSS anxiety. There are three 
clustering procedures: two-step clustering, k-means, and hierarchical methods. Each of 
these procedures follows a different approach to grouping the most similar objects into a 
cluster and to determining each object’s cluster membership. In other words, whereas an 
object in a certain cluster should be as similar as possible to all the other objects in the 
same cluster, it should likewise be as distinct as possible from objects in different 
clusters (E. Mooi and M. Sarstedt, 2011). 
 
In this research, Hierarchical Cluster Analysis is possible to use with PCs result. 
Generally, the objective of cluster analysis is the grouping of objects of the data set that 
share more in common with one another than with size distributions of other clusters, 
thus creating clusters of relative homogeneity (Gore, 2000). Several studies have shown 
that the factor-cluster segmentation significantly reduces the success of segment 
recovery. Hierarchical clustering procedures are characterized by the tree-like structure 
established in the course of the analysis. Most hierarchical techniques fall into a 
category called agglomerative clustering. In this category, clusters are consecutively 
formed from objects. Initially, this type of procedure starts with each object representing 
an individual cluster. These clusters are then sequentially merged according to their 
similarity.  
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Hierarchical clustering is one of the most straightforward methods. It can be either 
agglomerative or divisive. Agglomerative hierarchical clustering begins with every case 
being a cluster unto itself. At successive steps, similar clusters are merged. The 
algorithm ends with everybody in one jolly, but useless, cluster. The divisive clustering 
is started with everybody in one cluster and ends up with everyone in individual 
clusters. Obviously, neither the first step nor the last step is a worthwhile solution with 
either method. In agglomerative clustering, once a cluster is formed, it cannot be split; it 
can only be combined with other clusters. Agglomerative hierarchical clustering doesn’t 
let cases separate from clusters that they have joined. To form clusters using a 
hierarchical cluster analysis must be select: 
 A criterion for determining similarity or distance between cases 
 A criterion for determining which clusters are merged at successive steps 
 The number of clusters you need to represent your data 
Therefore, a result of HCA is no right or wrong answer as to how many clusters you 
need. It depends on what the objectives are going to do with them. To find a good 
cluster solution, you must look at the character of the clusters at successive steps and 
decide when you have an interpretable solution or a solution that has a reasonable 
number of fairly homogeneous clusters. Meanwhile, hierarchical cluster analysis (HCA) 
has been accomplished using the SPSS software. 
 
5.3 EXTRACTING THE LOW-INCOME SOCIO-ECONOMIC INDICATORS 
 
Frist of all, the analytical results of PCA for the mental concentration in the socio-economic 
variables were performed using SPSS statistical software. The Kaiser’s criteria (Kaiser, 
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1958) were retained the rotation method of Varimax with Kaiser normalisation to examine 
its validity of Kaisere-Mayere-Olkin (KMO) and Bartlett’s sphericity test, which this study 
were 0.733 and 7449.171 (p<0.05), respectively, suggesting that the useful dimensionality 
variables were suitable for PCA analysis (see Table 5.2). 
 
Table 5.2 KMO and Bartlett’s test 
 
Table 5.3 Communalities of socio-economical vulnerability 
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Complex structure occurs when the communality is the variance proportion of a 
particular item due to common factors (shared with other items) in each item, therefore, 
the respective item’s total variance minus the communality (Jonhson & Wichern, 2008). 
In this PCA solution: four factors as Capital Fac., Commercial Area, Education Area, 
and Industrial Area, is accounted the communality value for each variable less than 0.05, 
which should be removed from analysis. This factor solution found the 21 communality 
factors estimate of all metals (see Table 5.3). The highest communalities were extracted 
90% for Area size, total PP, male N, female N, PP density, HH density, slum PP, slum 
families, slum HH, factories N, and labors Fac. The lowest communalities were 
extracted 50% for expenditure BG, and residential area. Overall, discussion metal 
concentrations should be examined to identify variables that have complex structure. 
 
With PCA driven the low-income characteristic model, the socio-economic variables in 
BMA were described at 6 components. Six significant PCs were retained for the relative 
contribution of each component to 84.039% of total of explained variance (EV) and 
corresponding eigenvalue higher than 1 in the data (see Table 5.4). There were 
presented the factor loadings, which each component can be delineated as the 
dimensions of low-income character. Thus, eigenvectors on each extracted component 
were setting and presenting the weighting scores of each original land-cover attributes, 






Table 5.4 Total variance explained  
 
Table 5.5 Rotated component matrix 
 
The relative contribution of each component extracted by 
84.039% of total of explained variance (EV) and 











Figure 5.4 Scree plot 
 
In the detailed of Table 5.4, Table 5.5 and Figure 5.4 with the heavily loading shaded in 
grey, 21 indicators of all eigenvectors are shown in 7 PCs. The loadings analysis are 
characterized by highest value of indicators, depending on factors loadings higher than 
0.3. These components can be used to assess the character of 7 PC categories for 
Bangkok site data was interpreted as follows: 
 
The first PC explained over 25.702% the total variance, which dominated the 
“population proportion” by Number of Total Population, Male, Female, and the lowest 
values of Expenditure Budget. The strong relationship was generally accounted for a 
reduced percentage of remaining variability between the number of population, 
household unit, and garbage per year in each district. 
 
PC2 are explained over 19.123% the total variance, which dominated the “living density” 
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by Area Size, Density of Population; Household; and Slum Household. There are 
accounted and represented a density association of living elements in population, 
households, and low-income household density as a common factor. 
 
PC3 are explained over 11.084% the total variance, which dominated the “low-income 
proportion” by Slum Household, Slum Families, and Slum Population, which may 
suggested as a natural of slum/ low-income settlement factor.  
 
PC4 are explained over 9.844% the total variance, which dominated by Property Taxes, 
Land Value Taxes, Signboard Taxes, Garbage Total, Residential Area, and the lowest 
values of Garbage Total. There are indicated into the elements of “urban taxes”. 
 
In addition, there were found Factories Number to associate with Number of Labors. in 
PC5, which explained over 7.797% the total variance, was dominated the “factories 
performance”, which correlated with PC6 of “facility service” as Number of Hospital, 
and Religion over 5.871% in 50 districts. Lastly, Industrial were closely associated in 
the PC7, which explained over 4.617% of the total variance. 
 
5.4 THE CLASSIFICATION OF LOW-INCOME SOCIO-ECONOMIC 
SETTLEMENTS 
 
CA method is used to assign cases to groups (clusters) (Rao and Srinivas, 2006). The 
classification method has the effect of scaling down the dimensions of datasets by using 
fewer rows (cases). Under Hierarchical cluster analysis, calculates the distances 
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between all samples using a defined metric such as Euclidean distance measurement and 










Table 5.6 The statistic of each groups 
 
 
Table 5.7 The frequencies statistical of 5 group clusters  
 
 
In HCA, samples are grouped on the basis of similarities without taking into account the 
information about the class membership. The results obtained following HCA are shown 
as dendrogram (see Figure 5.5). Using the result of PCA, PCA was applied to the data 
set as standardization, measured variables into new variables called principle 
components (PCs). HCA uses less information than PCA, it is interesting to observe 
what kind of classification can be made on the basis of distances only.  
 
Therefore, the simple results are initial visual of classification analysis from HCA 
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indicated into 5 groups of dendrogram in Figure 5.5. Moreover, Table 5.6 and Table 5.7 
is conformed the number of clusters, it would be usefully subdivided the optimum 
number of extensive and homogenous in each socio-economic vulnerability approach. 
 
5.5 EMPIRICAL RESULTS  
 
The analytical results and field data were compiled to form a multi-elemental database 
using Excel and SPSS. Statistical analyses, including principal component analysis 
(PCA) and hierarchical cluster analysis (HCA), were performed using SPSS statistical 
software. In the PCA, the principal components were calculated based on the correlation 
matrix. Varimax with Kaiser Normalization was used as the rotation method in the 
analysis. Since the elemental concentrations varied greatly among the major and trace 
elements, the raw data were standardized before the execution of clustering in HCA. 
The data were standardized by PCs result and then classified using the Ward’s method. 
The distance measure used in HCA was the Euclidean distance. The heavy metals, 
which showed a close correlation, were identified and grouped for further analysis. 
 
The socio-economic normalized vulnerability indexes can be more easily related to the 
vulnerability indices of low-income settlement character from PCA technique. The 
treatment of PCs loading has provided a multivariate view of study site, which is 
necessary in order to better understand the interrelated above separations. Most 
importantly, results has been established a comprehensive methodology framework for 
regionalization of the large-scale area of low-income settlement character as Bangkok, 
using the socio-economic data. In summary, it could be directly referenced and adapted 
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into urban planning and design guideline level as well as the urbanization and 
low-income approaches, combining and realizing to the policy theoretical development 
and practical guidance to many other situations.  
 
Table 5.8 Classification the similarity characteristic groups into 5 Clusters using 7 




Cluster 1* Cluster 2* Cluster 3* Cluster 4* Cluster 5* 
High-high High-low Moderately Low-high Low-low 
PC1: population 
proportion 
8 11 10 12 9 
PC2: living density 10 17 19 3 1 
PC3: low-income 
proportion 
4 14 19 9 4 
PC4: urban taxes 9 17 17 6 1 
PC5: factories 
performance 
6 9 17 9 7 
PC6: facilities services 8 17 17 5 3 
PC7: economic 
contribution 
8 20 13 8 1 
* Cluster 1: Highly effectiveness condition and highly quality and efficiency 
Cluster 2: High effectiveness condition and low quality and efficiency 
Cluster 3: Moderately effectiveness condition and quality and efficiency  
Cluster 4: Low effectiveness condition and high quality and efficiency  
Cluster 5: Low effectiveness condition and low quality and efficiency  
 
PCA had been extraction factors between social and economic system in the era of rapid 
urbanization, while the PCs loading provided the significantly variables. Future studies 
should be further integrated and enhanced our understanding of accuracy and validity of 
the low-income socio-economic characteristics modeling system with classification and 
evaluation tool, which is covering more complex unique of environmental, social, 
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economic threats and other definitely helpful. This phase is proposed for confirming 
homogeneity of low-income socio-economic results. Table 5.8 the points had distributed 
as one would expect for 7 principle components (PCs) that is presented the relevance of 
socio-economic database 2009 by using AHP-weighted and HCA classification. There 
was classifying the situation of low-income socio-economic elements into 50 districts in 




This study offered the multivariate statistical method, which is proposed for 
high-resolution datasets based on PCA assessment of socio-economical vulnerability of 
the low-income settlement characters, with the different characterized by different types 
of vulnerability. Using PCA packages to generate aggregate availability of algorithms, 
the multiple scales of PCs represented a usefulness tool for analyzing a large 
multivariate of data set. The analysis also concerned the identifying area characters 
underlying causes and impacts of socio-economic vulnerability factors. 
 
Thus, the combination of HCA allows easy interpretation and characterization of 
similarities based on low-income socio-economic groups. This data analysis technique 
provides insights into the variations in 50 district profiles between social and economic 
condition; information from this chapter will be useful for extracting and specifying in 
order to investigate low-income settlement related with socio-economic indices in 
Bangkok. It is suggesting and supporting the strong reducing condition in study area, 
which can also be related to the low-income settlement variability characters.  
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CHAPTER 6 




In the previous chapter, the core ideas of research are introduced to offer the spatial data 
analysis and multivariate statistical method based on high-resolution assessment using 
an agglomeration technique on the extracted components in term of physical and 
non-physical environmental factors of low-income settlement condition in Bangkok 
growing city in Thailand. By chapter 5, the classification grouped with the specific 
characteristic type of low-income settlements in study area. There are offer an impartial 
basis for a wide range of socio-economic vulnerability indices represent a potentially 
useful tool for identifying areas of greatest concern in term of the relative level, 
underlying the accuracy and homogeneity of low-income socio-economic character to 
environmental changes across broad spatial scales.    
 
In application of PCA result, it is constructed the geometric interpretation for non-linear 
dimensionality reduction, which is consistently performed the complicated matter of 
non-stationary (see Figure 6.1).  
 
                  
 























To estimate the multivariate classification assumes homogeneity of spatial-character 
with the specific locations of low-income settlement by districts. This chapter will be 
examined Phase 3 to attempts the significant advances of low-income socio-economic 
character from Chapter 5, which is possible to calculate the standard deviation of a set 
of observations with a weight attached to each observation in spatial analysis using 




Figure 6.2 The multivariate classifiaction of low-income character (Phase 3) 
 
GWR is local spatial statistical technique for exploring the assumption of parameter 
than observations at greater distance; it is developed on the basis of tradition regression 
framework, which incorporates local spatial relationship into framework in an intuitive 
and explicit manner (Fotheringham and Brunsdon, 1999). The innovation with GWR is 
using a subset of data proximate to the model calibration location in geographical space 
instead of variable space. The result of GWR is estimating or predicting the response 
variable of low-income settlement character, which has been presented as a method to 
conduct inference on spatially varying relationships in an attempt to extend the original 




Figure 6.3 The approach of GWR 
Source: Fotheringham and Brunsden, 1998. 
 
This chapter focuses on the local varying dynamics of low-income socio-economic 
character in response to urbanization and urban form conditions in Bangkok using GWR 
model for each observation to include spatial attributes of data (see Figure 6.3). The 
objectives are refer to indicate the spatial character to reach low-income settlement 
location by districts as; (1) attempt to interpret the spatial dependent variation from the 
socio-economic elements to change over space; (2) explain the estimated regression 
coefficients to locational information on a map; and (3) highlight area where 
coefficients can be problematic for influence relationship between variables. Thus, the 
formation of spatial analysis is characterized and explored scale effect on low-income 
settlement approaches by the location of socio-economic features by generating a model 
at each data point (Fotheringham and Brunsden, 1998) which it is possible to offer 
useful alternatives this novel idea joint application of urban planning when assessing 
GWR model. 
 
6.2 APPLYING GEOGRAPHICALLY WEIGHTED REGRESSION METHODS 
 
GWR is widely employed in geographical analysis, can be used to examine spatial 
variation in the relation between outcomes and explanatory variable (Brunsdon et al., 
1996). Moreover, the compared GWR with some statistical models, GWR can estimate 
regression coefficients at any one spatial location and give significant improvement for 
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the response variable than those derived from other model (Zhang et al., 2005). By 
appropriate application of GWR model, it is possible to determine spatial variations in 
the relationship between response and explanatory variables and different scale at which 
the regression model has the best predictive performance (Foody, 2004).    
 
In contrast, GWR does not have all the great diagnostics to help the figure out whether 
the explanatory variables are statistically significant, your residuals are normally 
distributed or ultimately. In addition, GWR will not fix an improperly specified model 
unless the factors can be sure that the only reason model is failing the result of 
non-stationarity. Therefore, this study was associating explanatory variables in global 
model using Ordinary Least Square (OLS), which is the basic regression analysis 
among the various local modeling approaches. There are associated GWR with OLS 
when applied to geographical interactions, which can estimate the models in ArcGIS by 








6.2.1 Ordinary Least Squares (OLS) method 
Ordinary Least Squares (OLS) regression model is phenomenon that is being studied 
and variable to assume a stationary process. There is computes both the probability and 
robust probability for each explanatory variable. OLS is global model that is expecting 
variable relationships to be consistent across the study area. OLS is common social 
science statistic used to evaluate the relationship between multiple variables. The 
resulting single regression equation is the representation of complex relationships 
between variables, which is generated by ArcGIS along with the model area summary 
such as Coefficient Sign, Probability / Robust Probability (Prob), Adjusted R-Square 
(R2), Corrected Akaike Information Criteria (AICc), Jarque-Bera P-Value (JBP), 
Koenker’s Studentized Breusch-Pagan P-Value (KBP), Variance Inflation Factor (VIF), 
Global Moran’s I P-Value (MI), Joint F-Statistic and Joint Wald Statistic (JFS/JWS) 
(ArcGIS 10.1). The OLS regression model with one predictor variable is: 
 
𝑦 = 𝛼 + 𝛽𝑋 + 𝜀           (1) 
Where y is the dependent variable and X is the explanatory variable. α, β are parameters 
to be estimated. ε is a mean zero random error term with constant (but unknown) 
variance and normally distributed. Assuming that these conditions are satisfied, the 
parameters can be estimated using OLS.  
 
The limitation of OLS estimation in spatial process models, the spatial dependence in 
the various spatial auto-regression models shows many similarities to the more familiar 
time-wise dependence. Therefore, one would expect the properties of least squares 
estimation for models with lagged dependent variables and/or serial correlation to 
translate directly to the spatial case. However, this is not so. The lack of direct analogy 
is primarily due to the two-dimensional and multidirectional nature of dependence in 
space (Aselin, 1998). 
 
By using OLS, this step can perform diagnostics with statistically significant 
non-stationarity are especially good candidate for GWR analysis. OLS is interpreting 
the common approach to regression analysis results for more information before moving 
to GWR.    
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6.2.2 Geographical Weighted Regression (GWR) method 
In particular, GWR is local estimation of model parameters, which is obtained by 
weighting all neighboring observations using a distance decay function, assuming that 
the observations nearby have more influence on the regression point than the 
observations further away. Like OLS, GWR builds a model to analyze how one 
dependent variable changes in response to the change in one or more independent 
variables. However, unlike OLS that generates a set of regression results applied to all 
the regression points, GWR can calculate a set of local regression results including local 
parameter estimates, the values of t-test on the local parameter estimates, the local R
2
 
values, and the local residuals for each regression point (Tu, 2011). Therefore, GWR 
provides a useful tool to explore the spatially varying relationships between low-income 
socio-economic characteristic approaches. By increasing application of GWR, this 
approach is effective in addressing the problems of spatial non-stationarity and spatial 
auto-correlation in model residuals, which are associated with OLS when applied to 
geographical interactions (Clement et al., 2009) 
 
Compared to global regression, GWR is only technique specially designed for exploring 
spatial non-stationarity, defined as when the nature and significance of relationships 
between variables differs from location to location (Fotheringham et al., 2002). It can be 
used to examine how regression parameters and model performance vary across a study 
region. Li, et al., (2010) found the comparison between GWR and OLS methods; it was 
presented that GWR model can provides a better fit than the traditional OLS model.  
 
A technique of GWR likes assessing local influences, allowing for spatial variance in 
parameters and possibly a more appropriate fit. A detailed description of GWR is given 
by Fotheringham et al., (2002), which can be calibrated a single regression equation for 
all observations by global regression as: 
  
y = β0 + ∑βkxik + ε (2) 
Where the y is the estimated value of the dependent variable for observation I, β0 is the 




for i, and εis error term. 
 
GWR constructs a separate regression equation for each observation and each equation 
is calibrated using a different weighting of observations contained in data set. GWR 
model allows local rather than global parameters to be estimated and the above model 
is: 
 
y = β0(ui,vi) + ∑βk(ui,vi)xik + εi (3) 
Where (ui,vi) indicates the coordinates of the i
th
 point (or sample) in space. 
 
The main output from GWR is a set of location-specific parameter estimates which can 
be mapped and analyzed to provide information on spatial non-stationarity in 
relationships. There is calibrated for various applications, and its limitations and 
opportunities have been discussed widely in the scientific literature. This study provides 
various on GWR which are explored spatial variations in the relationship between 
socio-economic conditions of low-income settlement approaches across urbanization 
and urban form crisis in Bangkok, Thailand. It is now incorporated in ArcGIS software, 
written by Bivand and Yu (2011). 
 
6.3 EMPIRICAL RESULTS 
 
The relations between low-income socio-economic character variables are assumed to 
control erosion, which is commonly modeled using regression. However, it is likely that 
the influence of some variables may vary with different geographical locations. In such 
a case, the stationary regression model is unable to show varying spatial relationships, 
and therefore should be replaced with non-stationary model. While look at the fitted 
OLS regression using the explanatory variables and also interpret the diagnostics, that it 
can be accounted and appropriated to use GWR model here. 
 
Each of output will typically begin the regression analysis with OLS and interpreting 
OLS regression results for more information. Global model, like OLS, created equations 
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that best describe the overall data relationships in a study area. A common approach to 
regression analysis is to identify the very best OLS model possible before moving to 
GWR.  
 
Due to the hypothesis, “The spatial locations have been effected to the low-income 
socio-economic solution”, as following;  
 Explanatory Variables (x):  
PC1 contribution of population 
PC2 living density 
PC3 low-income contribution 
PC4 urban taxes 
PC5 factories performance 
PC6 facility services 
PC7 economic activities 
 Dependent Variable (y): Spatial Location 
 
6.3.1 OLS result 
Following the previous study on PCA (chapter 5), conventional multiple regression 
based on ordinary least square (OLS) method is first utilized to examine the 
simultaneous effects of 7 explanatory variables (result of PCA) on low-income 
socio-economic character from urbanization and urban form condition of Bangkok. 
These regression results are summarized in Table 6.1 and Table 6.2.  
 
The ANOVA F test indicates statistical significance for overall model (p < 0.01) and the 
value of the adjusted R-squared (-0.10) suggests a model performance. Moreover, the 
coefficient of variable is confirmed that the statistically significant means that there may 
be non-stationarity in this model including the OLS Mapping report (see Figure 6.5). 
 
The result shown that a global model (OLS) cannot explain the relationships between 
some sets of variables. It is confirmed a good baseline for why this study need 
Geographically Weighted Regression-GWR. Therefore, GWR can account for 





Multiple R2 0.048603 
Adjusted R2 -0.109963 
Joint F-statistic 0.306517 
Joint Wald Statistic  13.765559 
> F 0.947017 
> Chi-squared, (7) degree of freedom 0.555512 
Akaike’s Information Criterion (AIC)  530.313360 
Koenker (BP) Statistic 1.064790 
> Chi-squared, (7) degree of freedom 0.993515 
Jarque-Bera Statistic 450.201748 
> Chi-squared, (2) degree of freedom 0.000000 
  
Spatial Autocorrelation (Moran's I)  
Moran’s Index   0.192043 





Figure 6.5 OLS Mapping report on parameters from OLS models 
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Table 6.1 Assess each explanatory variable in model 
 
 
Table 6.2 Comparison with the ranges of local R
2






 Coefficient Std.Error T-statistic Probability Robust_SE Robust_t Robust_Pr VIF 
Intercept  26.277697 11.305229 2.324384 0.025015 5.489957 4.786503 0.000021 -------- 
PC1: population proportion -2.380132 5.864820 -0.405832 0.686927 3.319823 -0.716946 0.477375 1.183590 
PC2: living density 5.030061 8.403566 0.598563 0.552679 6.214447 0.809414 0.422838 1.240625 
PC3: low-income proportion -1.970453 6.506788 -0.302830 0.763515 7.298714 -0.269973 0.788505 1.080882 
PC4: urban taxes -2.395173 5.239969 -0.457097 0.649958 2.556172 -0.937016 0.354107 1.008554 
PC5: factories performance -15.977175 21.424157 -0.745755 0.459968 12.270171 -1.302115 0.199173 2.222034 
PC6: facilities services 2.859517 3.940005 0.725765 0.472007 2.833097 1.009325 0.318598 1.318862 
PC7: economic contribution 0.213848 4.458571 0.047963 0.961973 1.578092 0.135510 0.892857 2.121060 
Summary of results OLS GWR 
R2 0.048603 0.955544 
Adjusted R2 -0.109963 0.912053 
AICc 530.313360 434.11974 
Moran’s Index 0.192043 0.157187 
Z-score 6.091484 5.692003 
P-value 0.000000 0.000000 
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6.3.2 GWR result 
To run GWR within the explanatory and dependent variables, the same as OLS model 
used to estimate in the last section. As a result of Table 6.2, a global model (OLS) 
cannot explain the relationships between some sets of variables. Its applications will 
certainly continue to expand across the socio-economic fields of spatial quantitation 
using geography analysis. Especially, the AICc score for the GWR (434.11974) was 
about 20% smaller than AIC from global model (530.313360), which suggest that the 
local model (GWR) are useful for comparing models with different explanatory 
variables as long as to the same dependent variable. It is benefit of moving from global 
model (OLS) to local regression model (GWR). 
 
From Local R2 (see Figure 6.6), to see where GWR predicts well, and indicate how well 
the local regression model fits observed y value (spatial location).  
• It was the goodness of fit of local models (GWR) are good with higher value 
being preferable varying to observed data, which is explains 95% of variance by 
regression model (GWR > OLS). 
• The highest positive spatial effects are identified and forecasted where the 
variables present stronger tendency to join the existing concentration in that 
located in the relationship with land use planning heterogeneously effects across 
local metropolitan areas. 
 
Based on ranges of local R2, GWR mapping appeared that districts in eastern and 
western parts of Bangkok have a higher effectiveness of low-income socio-economic 
character. This innovative regression approach incorporates a weighting function that 
give the greatest weight to those locations closet in space to the focal location rather 
than resorting to arbitrarily defined administrative boundaries (Assunco, 2003). 
 
The result of GWR models show a better performance than OLS models with the same 
independent variable, as indicated by clear spatial patterns of parameter estimated from 
GWR models (see Table 6.2). Nevertheless, its strength in capturing the spatial 
relationships of given variables at the local level, based on the concept of 
non-stationarity, is indeed its most important contribution to the quantitative revolution 
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of spatial analysis. Its applications will certainly continue to expand to across the 
diverse fields of quantitative geography. This approaches provided to context for the 
result in below. 
 
Bandwidth:        12157.25424 
Residual Squares:    3522.68435 
Effective Number:   25.231169 
Sigma:           11.925706 
 
Figure 6.6 Results of local R
2
 on parameters from GWR models 
 
Table 6.3 The spatial autocorrelation (Global Moran’s Index)   
Explanatory Var. Moran’s Index Expected Index Variance Z-score P-value 
Contribution of 
Population 
0.222713 -0.020408 0.001228 6.937056 0.00000 
Living Density 0.200592 -0.020408 0.001217 6.335088 0.00000 
Low-income 
Contribution 
0.222837 -0.020408 0.001229 6.937176 0.00000 
Urban Taxes 0.229235 -0.020408 0.001228 7.123390 0.00000 
Factories Performance 0.202958 -0.020408 0.001227 6.376444 0.00000 
Facility Services 0.221688 -0.020408 0.001227 6.912244 0.00000 
Economic Activities 0.209696 -0.020408 0.001227 6.568925 0.00000 
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Moreover, the Spatial Autocorrelation (Global Moran’s I) tool measures spatial 
autocorrelation based on both feature locations and feature values simultaneously. 
Given a set of features and an associated attribute, it evaluates whether the pattern 
expressed is clustered, dispersed, or random. The tool calculates the Moran's I Index 
value near +1.0 indicates clustering and the index value is greater than 0 means that the 
set of features exhibits a clustered pattern and Z-score (>1.96), with p<0.05) to 
evaluated the significance of that index (see Table 6.3). However, without looking at 
statistical significance you have no basis for knowing if the observed pattern is just one 
of many, many possible versions of random.  
 
6.4 ELUCIDATION OF LOW-INCOME SOCIO-ECONOMIC STRUCTURE 
 
According to the functional analysis, GWR generated the spatial formation with the 
transitioning to socio-economic variables taking form 10 specified district cases by 
Bangkok database 2009. This conclusion is interpreted with low-income settlement 
pattern to clarify the structure elucidation of socio-economic spatial formation by 




Figure 6.7 The elucidation process: (a) GWR-summary result, and (2) specified location 




Figure 6.8 The summary process of low-income socio-economic formation 
 
Table 6.4 The spatial formation of low-income socio-economic variables in each case 
 
In particular of this phase, the low-income settlements well to do metropolitan areas 
located in the eastern and western parts of Bangkok had a significantly lower effect than 
the current locations. In particularly, the spatial characteristics of low-income 
socio-economic features are represented into 2 groups (see Table 6.4); the high 
effectiveness solution and moderately effectiveness from socio-economic environment 
elements such as; 
Case study: district number (area) Classification levels 
1 Moderately effectiveness 
2 Moderately effectiveness 
3 High effectiveness 
4 Moderately effectiveness 
5 High effectiveness 
6 Moderately effectiveness 
7 Moderately effectiveness 
8 High effectiveness 
9 High effectiveness 
10 High effectiveness 
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• High economic values, population proportion, density capacity, factories 
performance, facility services, economic activities, and also the same previously 
low-income settlement groups 
• Within the real condition of urbanized area, easy to find a job, accessing the 
facilities and services in Bangkok 
 
In Figure 6.8, the combination of multiple indicators of vulnerability into aggregate 
vulnerability indices must overcome the incommensurability of the units in which the 
individual indicators are measured. Consequently, this study employed geographically 
weighted regression (GWR) to characterize the local varying response in the 
low-income agglomeration to change over space. Among spatial non-stationary and 
scale-dependent relationships in an attempt to extend the original emphasis on 
prediction to confirmatory analysis, it is possible to investigate the spatial pattern of the 
local modeling approaches; GWR is the most commonly used estimates to establish 
some understanding of causes of the pattern. The applications of result will certainly 
continue to expand across the socio-economic fields of formation quantitation using 
GWR, interpreted with low-income especially area locations of district scale clarify the 




This study has certain useful for varying the spatial variations in the relationship 
between low-income socio-economic features in Bangkok, which is the one of 
important part of low-income settlement crisis. Under estimated in OLS model to 
incorporate with GWR model, the statistical inferences that can be drawn from GWR 
model are relatively limited, which reduces the explanatory power of this model. GWR 
results also indicate areas to examine the spatial variation within the highly density of 
low-income settlements for each individual model coefficient. 
 
GWR ability is highlighted the areas characteristic formation in its application of a 
relatively new geospatial analysis of socio-economic approach. There have several 
implications for multivariate characters, which are useful detecting and demonstrating 
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non-stationary pattern in relation with the character of physical environmental features 
and socio-economic elements. In Table 6.5, the spatial character results are selected and 
applied to reveal the simply patterns to different scales of analysis by calibrating a 
multiple regression model. There are generating into 7 sample districts from 10 special 
districts** in chapter 5 by different pattern of elements in space like as “confirmatory 
analysis”.  
 
Table 6.5 The results of 7 district cases of low-income settlement approaches  
District Name 
(case study) 
Physical Environmental Elements 
Socio-economic Environmental 
Elements 
(1) Saimai  Very low risk Moderately effectiveness 
(2) Chatuchak  Very high risk Moderately effectiveness 
(3) Bangphlat  High risk High effectiveness 
(4) Ratchathewi  High risk Moderately effectiveness 
(5) Khlongtoei  Very high risk Moderately effectiveness 
(6) Phrakhanong  Moderately risk High effectiveness 
(7) Bangkapi  Low risk High effectiveness 
** 3 districts as Thalingchan and Sualuang are the same character with Phrakhanong, and Ratburana is 




Figure 6.9 Consolidation of study stages as; step 1 (city scale) and step 2 (district scale) 
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Varies spatially analysis (see Figure 6.9) are contributed and clustered into specifically 
locations with respect to any conditions of low-income settlement approaches. Despite 
of limitations, this step has important implications from spatial pattern of city scale and 
practice in the specific character of low-income district scale. The result can be helpful 
to generate the multivariate characteristic formation in relation between physical and 
socio-economic elements as well as the spatial cluster of low-income settlement 









In previously steps, the results are examined into the multivariate character of 
low-income settlement to deals with some sets of physical environmental features and 
socio-economic elements in city and district scale. The 7 specified cases which are 
located by multivariate low-income settlement characters. This chapter will operate the 
pervasive system by allowing the spatial formation of low-income neighborhood 
character on human activity. Among these, Space Syntax road network analysis model is 
important for solving problems in neighborhood scale such as accessibility 
measurements, service allocation and more meaningful way of analyzing data 
characterizing system and correlating between urban morphology and human movement 
as well as the questionnaires can be characterize with low-income neighborhood 
satisfaction with the activities of real conditions in study area type (see Figure 7.1). 
 
In Bangkok growing city and conditions, the structure of this chapter is suggested that 
the importance and relevance of special methods to deal with the low-income 
neighborhood interaction. Among these, Space Syntax method and questionnaires 
analysis are extension for understanding and clarifying the low-income configuration, 
interaction of space, social behavior, movement and flows, which is more meaningful 
way of analyzing data character and correlating with the human activity. 
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In Figure 7.1, the form of spatial configuration maintained in cognitive maps analyzed 
in term of axial maps, the result point to underlying self-similar morphological property 
of cities and identified this correlation in relation to a large sample of cities and town. 
The case studies presented here show how space syntax can be used in the development 
of pervasive system that draw on people mobility and sociability. Moreover, successful 
method is not just simply constructing streets and connecting neighborhoods, it is 
connect the different parts of neighborhood satisfaction by using questionnaires analysis. 
Two methods are possible to operationalization the pervasive system and understand the 
condition of each neighborhood areas in contribution of the spatial-formation and 
human activity which drives agent behavior of low-income neighborhood character. The 
stage of neighborhood scale will auto-related into self-organization system which is 
generated in the community scale as well as they can combine with neighborhood 
interaction as functioning and context.   
 
 
Figure 7.1 The connection framework of this step 
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7.2 PHASE 1: SPACE SYNTAX METHOD 
 
Space Syntax (SS) is a theory for the investigation of society-space relationship recent 
developed by Hillier (1996). It provides a theory of interpreting the social relation and 
spatial from through a series of derived maps. Once an axial map is obtained, it can be 
analyzed as a system of syntactic relations. It established a descriptive theory of how 
spatial pattern can, and does, in its carry social information and content whether this is a 
complementary relation or a class relation.  
 
This chapter is defining the individual spatial preferences in low-income neighborhood 
intensive restructuring of land use and land value patterns, which are related to changes 
in the pattern of accessibility. There is integrated space syntax (SS) with GIS technique 
to help achieve the goal. It is refers to set of theories and tools employed for spatial 
morphological analysis in an urban system (Jiang and Claramunt, 2002). The result of 
complexity of urban environments basically involves aspects depend on their existence; 
it is essential to have better understanding both of urban structures and social activities 
of humans with the process of urban development. Moreover, SS is not proposes a 
reverse approach of physical environmental but also to detect the imprint of economic 
and social processes from activities and social structure which are critical in order to 
understand the social and economic forces. It is the most obvious locus of the life of the 
city and forms the basis of the diversity of cities character. 
 
The image of spatial configuration maintained in cognitive maps analyzed in term of 
axial maps, the result point to underlying self-similar morphological property of cities 
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and identified this correlation in relation to a large sample of cities and town. The case 
studies presented here show how space syntax can be used in the development of 
pervasive system that draw on people mobility and sociability. Similarly, successful 
method is not just about simply constructing streets and connecting neighborhoods, it is 
about how we connect the different parts of city and neighborhood. SS is possible to 
operationalization the pervasive system and understands the condition of studies area 
between urban space and our system of low-income settlement. 
 
7.2.1 Running SS Application  
SS much like pervasive computing, is a relatively configuration of space as the driving 
force behind how cities operate (Kostakos, 2010). Hiller and Hanson (1984) set out a 
theory of space as an aspect of social life, an array of configuration analysis techniques, 
and applied them to issue of architecture and urban theory. Similarly, this results is not 
just about simply constructing street and connecting cities and neighborhoods; it is 
about how to connect the different parts of a cities or neighborhood. 
 
The operationalization developed and focused on the application of SS model to urban 
space. All finding and understandings of SS derived from the analysis of spatial 
configuration that can be represented as “axial map”. Using the UCL Depthmap has 
been covered importing and evaluated with an axial line of the work place. This method 
has several advantages over the axial line representation; it is computable and 
cognitively meaningful by the intersected axial lines as following; 
 Connectivity System: the connectivity of network axis is the number of system. 
The level of work connectivity is located on nodes, landmarks and major road 
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activities.  
 Global Integration: the integration matric for an individual axis calculated using 
the whole systems like as city. 
 Local Integration: the integration matric for an individual axis calculated using 
the whole system like as neighborhood thus of “radius 3” considers a axis 
neighborhood up to 3 intersections away. 
 
The mean distance between axis line and other axes of system in the network, the level 
of integration was located on the activities center of network. In order to understand the 
physical features of the space can examine the effects of these features on human 
movements.  
   
7.2.2 Data Analysis 
The statistics of spatial variables (see Table 7.1), shown that the mean values of 
connectivity, global integration, local integration in 7 district areas, which is found the 
highest connectivity value lines in Phrakhanong district and the lowest connectivity 
value lines in Chatuchak district. Phrakhanong district is measured in highly global 
integration value lines unless the local integration value lines are low. While Chatuchak 
district is integrated by low global integration value lines unless the local integration 
value lines is high.  
 
Moreover, the summary of correlation coefficient r
2
 of 7 district areas (see Table 7.2), 
the results of 6 districts like as homogenously group that is integrated by high 
integration value lines and quit a strongly relationship with connectivity and integration 
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at r2 = 0.819. These measures are explained the space configuration of each location 
which is high connection and integration with the observation of people movement. 
Therefore the low-income settlement patterns are located in highly density in their 
location (in chapter 3). In spite of, the lowest association between connectivity and 
integration at r2 = 0.144 is case (f) Prakhanong district which separated outskirts from 
center like as spread into outskirts of district area. But other cases are clustered into 
center of highly instigation value line. While the low-income settlement points also 
allowed the street pattern of SS which is connecting and integrating the point with urban 
morphology structure of pervasive system in their neighborhood. 
 
Table 7.1 Summary statistics for mean variables of 7 district areas  
District Connectivity System Global Integration Local Integration 
(a) Saimai 3.7841 0.6000 1.5574 
(b) Chatuchak 3.3491 0.4877 1.5079 
(c) Bangphlat 3.9007 0.4478 1.6476 
(d) Ratchatewi 3.5950 1.0379 1.6286 
(e) Klongtoei 3.7993 0.6151 1.6188 
(f) Phrakhanong 4.6856 1.5598 0.4688 
(g) Bangkapi 3.9007 0.4478 1.6476 
 
Figure 7.1 and 7.2 are clarifying the situation in urban street configuration between 
connectivity and global integration; and global integration and local integration. In 
contrast, the intelligibility of correlation coefficient R
2
 values is not as high, which can 
be realized by considering the structure of global system based on the structure of local 
system (Long, at al., 2007). From these finding it can be related the strongly 
relationships and concluded that there is a fundamental relationship in term of their 
local structure as long as their global context. 
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Table 7.2 Summary of correlation coefficient of 7 district areas  
District Connectivity Global Integration Local Integration 
(a) Saimai    
Connectivity 1 0.340 0.797 
Global Integration 0.340 1 0.511 
Local Integration 0.797 0.511 1 
(b) Chatuchak     
Connectivity 1 0.193 0.718 
Global Integration 0.193 1 0.390 
Local Integration 0.718 0.390 1 
(c) Bangphlat    
Connectivity 1 0.293 0.761 
Global Integration 0.293 1  
Local Integration 0.761 0.431 1 
(d) Ratchatewi    
Connectivity 1 0.512 0.708 
Global Integration 0.512 1 0.802 
Local Integration 0.708 0.802 1 
(e) Klongtoei    
Connectivity 1 0.365 0.819 
Global Integration 0.365 1 0.536 
Local Integration 0.819 0.536 1 
(f) Phrakhanong    
Connectivity 1 0.144 -0.489 
Global Integration 0.144 1 0.434 
Local Integration -0.489 0.434 1 
(g) Bangkapi    
Connectivity 1 0.293 0.761 
Global Integration 0.293 1 0.439 
Local Integration 0.761 0.439 1 
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Figure 7.2 The scatter plot of the connectivity system and global integration;  
(a) Saimai district, (b) Chatuchak district, (c) Bangphlat, district (d) Ratchatewi district, 




Figure 7.3 The scatter plot of the global integration and local integration;  
(a) Saimai district, (b) Chatuchak district, (c) Bangphlat, district (d) Ratchatewi district, 
(e) Klongtoei district, (f) Phrakhanong district, and (g) Bangkapi district 
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7.2.3 Defining low-income Settlement and Space Syntax Model 
In order to understand the physical features of the suggested project, this study has been 
found the self-spatial formation on low-income settlement character and movements. An 
axial map of this part developed to incorporate with the pattern of low-income 
settlement points. This study has identified this condition in relation to an attempt the 
further aspect of relationship between space and movement by the difference 
approaches. The contribution of space use and movements are defined more exhibit 
correlation between connectivity system and integration of low-income settlements 
between space and town. 
 
The topological relationships of this study for the street networks are divided into arcs, 
which meet at the nodes between settlement and city as (see Figure 7.3 and 7.4): 
•  Blue is the highest connectivity and integrated street; which pedestrians require 
average fever changes of direction.   
•  Red is the lowest; which pedestrians relatively isolated from others and require 
more changes of directions to get to them.  
SS model has dual structure of space reflecting pervasive system, image representative, 
spatial interpretation and social cognition space. There are operated the low-income 
settlement character as a self-organization system, in which structure and function 
emerge in an interactive way from patterns of human cognition space.   
 
Based on the strong relationship between accessibility and integration of urban and 
neighborhood configuration (see Figure 7.1 and 7.2), its homogeneous accessibility is 









Figure 7.5 An axial map; (e) Klongtoei, (f) Phrakhanong, (g) Bangkapi 
 
7.2.4 Conclusion 
Space Syntax (SS) part utilizes modeling experiments to observe the effect of spatial 
configuration (Kostakos, 2010) such a kind of generated, analyzed, and modified of 
virtual space. Moreover, there are aspects into urban structure and human social 
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activities, which good urban studies can be applied to human social activities, while the 
human social activities can develop guideline for urban planning.  In This chapter, 
urban configuration is influences the low-income settlement character by 7 
neighborhood districts in Bangkok. However the critical factors and situation of 
low-income formation of their effects on it area were not clarified but the connection 
and optimization of the self-organization structure should be achieved through the real 
situation in the last chapter as data collection and workshop analytical process. 
 
The applicability interpretation of urban morphology is examining the low-income 
neighborhood interaction, which is effected in the spatial-formation of space. The 
complex system outcomes were produced; 
 Almost low-income settlements were interpreted on the urban structure level as 
highly connectivity and integration lead to the evolvement of uniform and 
well-interpretable townscape. The revelation of the connectivity of spaces bearing 
distinct functions characteristics, form of settlements and socio-economic functions.  
 Regarding from complex structure, the low-income settlements were forced the 
major direction and axes of settlement connections which is underlying the high quality 
and intensity of accessibility as public transportation, traffic congestion, pollution, etc. 
 Because of the increasingly complex space structure evolving during the urban 
development process and settlement growth besides the natural environment also 
restricts the influence of townscape itself not only physical but also socio-economic 
impacts possibly posed by the new urban structure implementations. 
 
However, Space Syntax results are hard to be clarified the structure and appearance for 
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viewer on functioning, often in a strange context, as well as on other social aspects that 
have been observed include people satisfaction with environmental condition and their 
spatial cognition. Finally, this step are combined with the data collection of 
neighborhood level as questionnaire and in-depth interview analysis which can be 
characterized with low-income settlements, in which the activities of real conditions in a 
way of the satisfaction in term of low-income environmental and socio-economic 
neighborhood functions 
 
7.3 DATA COLLECTION 
 
Bangkok has been facing with low-income settlement problems for many years, which 
has a large number of the most important housing delivery system for the poorest 
population. It is related to poor environmental and socio-economic conditions, most in 
urban formals and informal settlements are insecure land tenure (Yap and Wandeler, 
2010). Along with recent condition in the real conditions using questionnaire and 
in-depth interview analysis, may be influenced by both physical and non-physical 
environmental elements. The results are supported the low-income settlement 
characteristic approaches, which is better to understand the low-income neighborhood 
interaction on human activities as well as the relation with each other steps.  
 
7.3.1 Sample 
From previously study, there are found 7 districts of low-income settlement. This step 
took 7 neighborhood districts in the 28 community samples for leader in-depth 
interviews and 1,120 samples of questionnaire household respondents (40 samples/ 1 
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community). Total results participated in the questionnaire researches; the 28 randomly 
chosen low-income communities (1 neighborhood district/ 4 community samples) were 
following the spatial-formation of the low-income settlement in approaches of physical 
and socio-economic environmental elements on the people satisfaction of each 
community as followed 3 parts (see Figure 7.6); 
 
Part I: Personality 
Part II: Physical Environmental Elements 
- Spatial distribution and structural 
- Urban congestion 
- Living condition 
- Urban land use 
- Environmental externalities  
- Inadequate services 
- Risk potential 
Part III: Socio-economic Environmental Elements 
- Urban population 
- Social benefits 
- Social transformation 
- Social relation  
- Economic efficiency 
- Economic incentive 
 
Figure 7.6 Content of questionnaire analysis 
 
In Table 7.3, the questionnaires analysis conducted in 7 neighborhood districts. The 
majority of respondents were male (37.25%) and female (62.75%), which is interesting 
in the occupation of trading market such as Klongtoei district (57.5%), Phrakhanong 
district (31.7%), and Bangkapi district (27.5%). It is observed over 80% who live in the 
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community more than 15 year as well as since their born. Almost of the respondents 
reported, it is not higher education (primary, and high school) and income level over 
50% of earn to 18,001-32,000 yen per month. 
 
















Male 43.3 30.8 42.5 33.3 35.8 35.0 40.0 
Female 56.7 69.2 57.5 66.7 64.2 65.0 60.0 
Occupations 
Housewife 20.8 18.3 33.3 15.0 10.8 16.7 13.3 
Government 17.5 8.3 15.0 8.3 0.8 5.0 5.8 
Trading 20.0 20.0 11.7 23.3 57.5 31.7 27.5 
Official 4.2 9.2 17.5 18.3 0.0 10.0 20.0 
Employee 35.0 41.7 22.5 28.3 30.8 25.0 27.5 
Factory 2.5 1.7 0.0 3.3 0.0 11.7 5.0 
Agriculture 0.0 0.8 0.0 0.0 0.0 0.0 0.8 
Other 0.0 0.0 0.0 4.0 0.0 0.0 0.0 
Family numbers 
< 2 9.2 10.0 22.0 18.4 25.0 13.4 10.0 
3-5 64.2 65.0 51.7 55.0 59.2 31.7 50.8 
> 6 26.6 25.0 26.3 26.6 15.8 54.9 29.2 
Living year 
< 1 year 0.0 0.8 0.8 13.3 0.0 1.7 1.7 
1-5 years 0.0 15.0 16.7 25.0 0.0 3.3 14.2 
6-15 years 1.7 21.7 10.0 15.0 7.5 10.0 12.5 
> 15 year 98.3 62.5 72.5 46.7 92.5 85.0 71.7 
Education levels 
Primary 53.3 30.0 12.5 41.7 68.3 33.3 34.2 
High school 33.3 52.5 35.8 48.3 22.5 60.0 47.5 
Diploma 7.5 10.8 28.3 5.0 6.7 6.7 11.7 
Degree 5.8 6.7 23.3 5.0 2.5 0.0 6.7 
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< 10,000 0.8 1.7 7.5 5.0 1.7 3.3 2.5 
10,000-18,000 16.7 25.8 8.3 13.3 25.8 28.3 21.7 
18,001-32,000 53.3 37.5 35.0 40.0 54.2 51.7 55.0 
32,001-50,000 15.8 20.0 18.3 31.7 17.5 15.0 10.8 
50,001-68,000 9.2 12.5 18.3 8.3 0.8 1.7 7.5 
> 68,001 4.2 2.5 12.5 1.7 0.0 0.0 2.5 
Reason of living 
Works 65.8 69.2 55.0 95.0 59.2 46.7 62.5 
CBD 61.7 51.7 48.3 71.7 47.5 35.0 58.3 
Schools 66.7 58.3 30.0 56.7 40.0 25.8 44.2 
Markets 61.7 44.2 42.5 68.3 64.2 70.0 58.3 
Transportation 70.0 70.0 60.0 86.7 74.2 82.5 64.2 
Environment 2.5 15.8 6.7 15.8 6.7 3.0 7.5 
others 14.2 7.5 23.3 0.0 0.0 1.7 11.7 
Problems 
Unsecured 0.0 15.0 23.3 23.3 41.7 41.7 45.0 
Water 
pollution 
3.3 27.5 11.7 52.5 7.5 14.2 65.0 
Flooding 19.2 32.5 35.8 100.0 1.7 0.0 30.0 
Drainage 6.7 46.7 10.8 8.3 3.3 33.3 80.0 
Noise 
pollution 
35.8 18.3 35.0 30.0 50.0 34.2 42.5 
Air pollution 8.3 25.8 5.8 51.7 56.7 10.0 13.3 
Density 48.3 26.7 19.2 56.7 25.0 52.5 32.5 
Public park 30.0 65.0 46.7 50.0 43.3 79.2 37.5 
Others 0.0 2.5 22.5 5.0 0.0 4.2 11.7 
 
Moreover, these variations in profiles of low-income settlements in 7 districts have 
important influence on the conditions and responsibilities as well as the reason why they 
lived here or the problems of low-income communities. From the reason of living, there 
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are interested in over 70% of the convenience of transportation services and the spatial 
of Ratchatewi district (95%) is referred to find works / jobs.   
 
7.3.2 Empirical Results  
The variable items and questions in questionnaires were structured by physical and 
socio-economic situation and intention variable from previously steps. From 1,120 
respondents, the results of Table 7.4 are very high and highly satisfied that over 80% of 
the low-income settlements with regard to the overall low-income conditions as well as 
basic infrastructure and services, which the high efficiency followed by 57.8% in 
electricity, 56.1% in water supply, 47.8% in public telephone, 35.9% in market places, 
and 34.7% in temple.  
 
Table 7.4 Respondent perceived the quality of infrastructures and services (%) 
Services 
What do you think about your efficiency of infrastructures and services? 
Very high High Moderate Low Very low None 
Electricity 25.4 57.8 11.4 0.8 0.6 0.0 
Water supply 26.2 56.1 12.2 1.0 0.5 0.0 
Telephone 11.3 47.8 29.8 4.5 0.9 1.7 
Garbage 3.2 29.3 46.4 13.1 3.8 0.2 
Transportation 9.0 34.6 38.9 8.1 2.7 2.6 
Market 17.5 35.9 33.1 6.7 1.8 0.9 
School 9.4 31.8 31.9 11.7 5.0 6.3 
Temple 11.9 34.7 26.9 11.1 2.3 9.1 
Hospital 7.5 23.9 28.7 16.9 8.1 10.9 
 
Moderate slightly, supporting over 46.4% of garbage waste services, 38.9% of 
transportation service, 31.9% of school and 28.7% of hospital. However, the results are 
over 10% of the low-income settlements, which the services are not satisfied for them. 
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Almost of the respondents in all 7 neighborhood districts found the formation of 
low-income settlements, it is preferred to the high quality of infrastructures and services 
on the location of low-income settlements.         
 
7.3.3 The Perception of Socio-economic Characters 
The results of Table 7.5, 7.6 and 7.7 have been concerned the responsibility to 
socio-economic environmental condition and problems at the community level. 
Generally relationship between community members, which is represented a good 
neighborhood relation (43.4%), a medium of community meeting (38.2%) and activities 
(36.1), but the differences in perceptions of cooperatives program is over 58.6% of not 
have (none). However, the cooperatives program is suggested by CODI (community 
organization development institute) and some low-income settlement can be protected 
their community by using this program.   
 
Table 7.5 Community relationships 
Type 
What do you think about the activities of community? 
Very good Good Medium Bad Very bad none 
Neighborhood relation 20.8 43.4 28.1 2.6 0.9 0.1 
Community meeting 12.6 27.0 38.2 12.6 2.7 3.0 
Community activities 12.9 26.4 36.1 13.3 3.8 3.5 
Cooperatives 4.7 3.7 10.4 7.2 11.4 58.6 
 
With the result of Table 7.6, the efficiency of community managements are good for 
Garbage waste management (41.8%), Risk management (31.1%), Community 
development (40.8%) and improvement (36.6%) and medium quality of Helping the 
neighborhood (40%), Canal (27.8%) and Community Cleaning (43.2%), Environmental 
management (35.0%). However there are over 25% of them within low, the lowest and 
none. 
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Table 7.6 Community managements 
Type 
What do you think about the efficiency of community management? 
Very good Good Medium Bad Very bad none 
Garbage waste management 4.1 41.8 38.7 8.1 3.0 0.2 
Cleaning the Canal 5.6 13.8 27.8 16.7 6.6 25.5 
Risk management 11.9 31.1 30.9 14.2 5.0 3.0 
Helping the neighborhood 9.7 36.6 40.0 7.3 1.6 0.8 
Community Cleaning 7.1 28.9 43.2 13.9 2.1 0.8 
Community development 9.8 40.8 31.9 10.3 2.1 1.1 
Community improvement 8.3 36.6 33.6 12.8 3.4 1.3 
Environmental management 5.9 28.1 35.0 17.7 6.9 2.4 
 
Table 7.7 Economic problems 
Type 
What do you think about the problems of community location? 
Very hard hard Medium less Very less none 
Finding a job 3.1 26.4 43.5 11.2 3.8 8.0 
Tuition fee 7.3 28.6 34.9 7.8 5.1 12.3 
Trip generation 16.7 29.4 35.0 9.3 3.5 2.2 
Taxes  5.5 13.3 27.0 13.1 7.1 30.1 
Living style 12.0 29.0 39.4 10.4 3.4 1.7 
Living cost 15.0 38.9 34.6 3.5 2.5 1.5 
Housing cost 9.3 18.5 16.9 12.0 5.0 34.3 
 
Thus, the low-income settlements are located in the area of the high efficiency and 
quality such as facilities and services, easy to find jobs, no pay for taxes or housing cost 
and others. Following the problems of low-income socio-economic conditions in Table 
7.7, they still stayed in low socio-economic position. That’s why their relationships are 
quite good as well as they are possible to make a strongly relation and group for 
supporting member together. It is concerned that the self-organization system can be 





The topological relationships of this chapter are divided into arcs which meet at the 
nodes between neighborhoods, districts and cities (see Figure 7.7). To operate the 
pervasive system by allowing the spatial formation of low-income neighborhood 
interaction on human activity, this is used 2 phases of spatial technique and data 
collection. The applicability of methods represented the spatial formation and 
low-income neighborhood character in term of connectivity and activities. 
 
7.4.1 Space Syntax Model  
This method has dual structure of space reflecting pervasive system, image 
representative, spatial interpretation and social cognition space. Based on other strongly 
correlation of SS analysis between integration and connectivity, its homogeneous 
accessibility is reflected the spatial formation of low-income movements on the highly 
connectivity and local integration of road network for well-connected and activities 
which drives agent behavior like a best connected and local integrated of low-income 
movement in the structure of everyday life as; 
 Their locations were located on hardly environmental conditions however it 
was easy to accessing by using public transportation. 
 It was difficult to reach low-income people in social space where the 
movement was flowed by highly integration and connectivity approaches.  
 When it is increasing in the development of pervasive system operate which 
related into urban from and urbanization conditions and human encounter as well.  
   
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7.4.2 Data Collection; Questionnaire Analysis and In-depth Interview 
Though the questionnaire analysis and in-depth interview of the samples, they derived 
agent behavior and satisfaction like a good integrated and connected in the real life 
conditions of SS results as; 
 Their locations are lie on hardly physical environmental conditions and high 
economic congestions when compared with the formal settlement household. However 
they stayed the same location and easily access many activities by road networks with 
high quality of facilities and utilities.  
 With an individual character of spatial clustered pattern, the high social 
activities and management approaches of low-income neighborhood interaction, it has 
been auto-generated the self-organization system to solve the low-income solutions on 
both different strategies of information development processes and character of their 
settlement locations. 
 
Figure 7.7 Consolidation of study stages as; step 1 (city scale), step 2 (district scale), 
and step 3 (neighborhood scale) 
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CHAPTER 8 




This chapter accumulates the individual segment of low-income self-organization 
system in simulating of community scales. By implementing different methods based on 
the principle of model division represented the spatial-formation of previously results, 
which are generated by geospatial modeling and statistical technics with the actual 
low-income settlement conditions. Thus, the data collection and questionnaire surveys 
are summarized in chapter 7; these analyses are controlled on the model outputs, 
reflecting the strength of the finding of empirical statement and the real solution of 
low-income formation on Bangkok growing city, Thailand. In last part, the section 8.3 
and section 8.4 are demonstrated the innovative solution under different condition of 
low-income settlement formation with the results and discussion in further calibration 
and validation of the structure of self-organization system in relation with spatial and 
social science. Subsequently, the structure is applied to generate the future urban 
sustainable planning scenarios (action plan, policy decision-making, regional plan, etc.) 
of low-income settlement condition and other cities same indices in Bangkok.       
 
In the real condition of personality, they are very hard to stay with high cost living, or 
bad environmental condition and also can get only the easy jobs. But they should to pay 
higher living cost than rural area. In other hand, they can got many efficiency of 
infrastructure, public transportation, good education, easy to find a jobs and many 
 137 
conveniences that local of Bangkok government can supported in term of developing 
cities. In term of socio-economic, they are closed with neighborhood relationship in 
case of care and well-being. Moreover, it is easy to saving cost of housing, land rent, 
and facilities cost which should be pay in term of community, it did not pay separation 
by each house same as the general settlement. 
 
Finally, because of many settlements still informal or squatter settlements, some 
socio-economic condition cannot done with their communities however the processes is 
supported by housing authorities as National Housing Authority (NHA) or Community 
Organizations Development Institute (CODI), which is importuning with the 
low-income settlement projects in Bangkok.    
 
Though the analysis of spatial formations improvement reflected in each steps, this step 
will be aim to; 
 
How to solve the conditions of Low-income Settlement? 
 
The transition process under the community’s conditions, the self-organization is more 
extensively and collectively organization which is useful enhanced the progressive of 
“urban sustainable planning”; 
  




8.2 GENERAL OF SELF-ORGANIZATION DEFINITION 
Self-organization is a process where some form of global order or coordination arises 
out of the local interactions between the components of an initially disordered system.  
This process is instinctive; it is not directed or controlled by any agent or subsystem 
inside or outside of the system. Therefore, sometimes the notion of self-organization is 
conflated with that is often interpreted in terms of emergence. Self-organization usually 
relies on 3 basic ingredients (Ashby, 1947): 
 Strong dynamical non-linearity, often though not necessarily involving positive 
and negative feedback 
 Balance of exploitation and exploration 
 Multiple interaction 
 
This increases the chance that the system would arrive into the basin of a "strong" or 
"deep" enter the attractor itself. That occurs in a variety of physical, chemical, 
biological, network, human society and cognitive systems. That’s why the result of 
low-income settlement character is easily auto-generated the self-organization system to 
solve their conditions in term of strongly empowering people and deeply relationship 
between members. 
 
8.3 CONNECTING THE SPATIAL FORMATION INTO SELF-ORGANIZATION 
SYSTEM  
 
Thus, the limitations of low-income settlement in term of physical and socio-economic 
environmental elements to achieve for themselves, either individually and collectively, 
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without some form of technical support and other resources from external agents, this 
section will be generated the self-organization system to ensuring successful scaling up of 
low-income community conditions, which is done through Role-play workshops with 3 
different types of community-based practices.  
 
In previously study, this research emphasized the spatial interpretation, required the urban 
environmental structure and socio-economic condition of low-income settlements, which 
is related to urban morphology analysis. There were connecting the individual segments 
into natural streets to provide the urban individual structure and human social activities.   
With the results of data collection and questionnaire analysis are connected into the 
scenario and gaming technique as varying the situations of low-income settlement 
contexts. It is preferred to the system in term of interpreting the structural of low-income 
self-organization and allowing the processes using Role-play (see Figure 8.1). The 
principle argument is a limit to “self-organization” schemes to provide support to 
low-income settlement conditions in urban mobility development approach. 
 
For accessing the key inputs, which will enhance the capacity of communities and 
organizations for improving their environmental and socio-economic conditions at the 
community level, this section will be including 3 points; 
 The dedication and commitment of outside and internal organizations 
 The resourcefulness and ingenuity of community leadership 
 Other unexpected source of empowerment. 
Finally, this step will be integrated the self-organization system in relation with spatial 




Figure 8.1 The connectivity of individual interpretation into self-organization system 
 
8.3.1 Ability of Role-play and Workshop Approaches 
In the definitions of low-income settlement in term of physical and socio-economic 
environmental elements to  be achieved by themselves, either individually and 
collectively, without some form of technical support and other resources from external 
agents. To elucidate the interrelations between the low-income individual integration and 
scenario planning approaches should continue to be developed and empirically tested 
intervention based on 3 points; (1) purpose, (2) content, and (3) process of a subject 
matter.  
 
The workshop is given the advances in the cognitive sciences, for sake of better 
understanding social processes and phenomena. There are both theoretical and practical 
rationales for developing “cognitive social sciences” (Turner, 2001) including 
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experimental cognitive psychology, computation, social-personality, development, 
cultural, philosophy of mind, and so on). The attributions of workshop is discussing the 
issue of clarity of purpose for explore and understand the cognitive with new data sources 
to address in many profound respects, which are aimed basis of the social sciences in 
cognition of humanity fields.  
 
Figure 8.2 The implication of role-play and workshop approaches 
 
In addition, Role-play approach is the one of special technique that is interested in this 
part. By using gaming technique, Role-play can be useful to prepare for a variety of 
challenging and difficult situation like as the condition of low-income people (see Figure 
8.2). Role-play is training techniques for relate to spatial quality requirements, is turning 
into a major challenge for spatial policy of social and administrative dynamic and tension 
(Mayer, et al., 2004). It is allowed to construe the game to a certain extent into 3 main 
functions (Mayer and Veeneman, 2002); 
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1) Learning: The games are experiential environments in which participants can 
learn (about) the system at hand. 
2) Research: The games are experimental environments through which researchers 
can learn about the system from the interaction between the participants and the 
interaction between participants and (computer) models. 
3) Intervention: The games are experimental environments in which both 
researchers and participants can make conceptual and instrumental inferences for real 
decision-making and policymaking. 
 
In Principles of Role-play, Klabbers (2009) has written extensively in education and 
training like model of social systems research. While playing games give shape to 
human organization which the way people organize themselves in various social 
settings tells much about their culture, and their codes of conduct. He distinguishes 
three faces knowledge; (1) a substantive corpus of assertions (rules and resources), (2) a 
range of media of representation (rules), and (3) a social organization (actors). These 
faces interrelate in particular ways of Role-play attributed into 4 stages, which is 
generated the self-organization system by player. Through Figure 8.3, the attribute of 
Role-play approached into 4 contexts of improved self-organization system. The impact 
of scenario planning and related techniques is currently biased very heavily in favor of 
case studies of successful interventions, while the potential benefit of scenario 
approaches are employed to help illuminate the social and cognitive processes of the 
sort identified by behavioral decision and strategic management exploring the links 
between demographic and cognitive diversity in teams and organizational performance 
(Schoemaker, 1993; 1995, Van der Heijden, et al., 2002, Hodgkinson, 2004).  
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Figure 8.3 The attribution of role-play workshop 
 
Emphasis of gaming is on handling concepts, relations, and sharing of explicit and tacit 
knowledge, with scenario planning workshops remain an under researched phenomenon 
in previously chapters. In training, especially in professional training emphasis is placed 
on abilities and skills to improve performance. All education and training aim at 
developing expertise with five interacting key elements as; meta-cognitive skills, 
learning skills, thinking skills, knowledge and motivation. That why this workshop is 
generated into “Role-play” techniques, it is excellent tool in assisting low-income 
people envisioning their conditions and future problems to taking important decisions in 
their self-organization system on a powerful analysis methods. These result of 
workshops will prompt scenario planning research to conduct various potentially useful 
empirical comparisons; of different cognitive based teams; and of different scenario 
workshop approaches, to develop evidence-based best practice guideline at the same 
time, systematically, and rigorously testing their practical impact. 
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8.3.2 Combining Gaming and Scenario: Role-play 
A combined use of scenario planning and game were integrating the decision support, it 
could enhance a conceptual and an experiential exploration of the future (Geus, 1988). 
For instance, there can be used as points of reference and context to social 
experimentation in a game (Crookall and Arai, 1995). Conversely, a gaming experiment 
can be a useful step in the participatory development of future scenarios. In this 
research, the gaming is used into “Roles play”, which can reflect the real situation in the 
present time and can prefer to the future conditions as possible. 
 
 How to use role play 
Step 1: Identify the Situation 
To start the process, gather people together, introduce the problem, and encourage an 
open discussion to uncover all of the relevant issues varying the Role-play concept (see 
Figure 8.4 (Denpaiboon, 2010)). 
 
 
Figure 8.4 The role-play concept 
Source: Denpaiboon, 2010. 
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Step 2: Add Details 
Set up Role-play scenario in enough detail for it to feel "real situation of low-income 
settlement" using the results of previously studies (see Figure 8.5). Make sure that 
everyone is clear about the problem that you're trying to work through by the end of the 
session. 
Figure 8.5 The gaming tools 
Step 3: Assign Roles 
Identify the various fictional characters involved in the scenario (see Figure 8.4). Allocate 
them to the people involved in your role-play exercise; they should use their imagination 
to put themselves inside the minds of the people that they're representing. This involves 
trying to understand their perspectives, goals, motivations, and feelings when they enter 
the situation. 
 
Step 4: Act Out the Scenario 
Each person can then assume their role, and act out the situation, trying different 
approaches where necessary.  
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Step 5: Discuss What You Have Learned 
When you finish the role-play, discuss what you've learned, so that you or the people 
involved can learn from the experience. 
 
Figure 8.6 The rules of role-play 
 
8.4 CONTRIBUTION OF ROLE-PLAY (GAMING) 
 
8.4.1 Approach of Case Studies 
The communities were all formerly squatters on state land who are representative of 
majority of Baan Mankong Project (CODI, 2010). CODI is a port of the central government 
commitment to decentralizing the process of housing provision, taking a demand-side 
approach. CODI’s approach is closer to NGO, bridging the gap between the state and poor 
communities. Their program is including securing tenure, empowering poor communities, 
creating a participatory development process and making laws compatible with the 
development of communities through the participatory slum upgrading process. That why 
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this chapter is not only clarified that situations of low-income settlement, but also analyzed 
and finding the self-organization approach from CODI slum projects for integrating the 
categories of low-income self-organization upon community exchange and learning by 
doing, satisfaction in the process and outcome is necessary.  
 
 
Figure 8.7 District locations of 3 community cases 
 
The 3 communities were chosen from the data collection, questionnaire survey analysis, 
and previously result of the hardest conditions as characteristic formation, upgrading 
types, and location (see Figure 8.7), as outlined below. 
 
 Case study of Chareanchai-nimitmai Community, Chatuchak District (Area (B)) 
 
Chareanchai-nimitmai Community is located on the east side of Cghatuchak District, 
Bangkok (see Figure 8.8). Chareanchai-nimitmai was connecting with the north-local 
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train (Bangkean station) and nearly main road (Wipawadee-rangsit road), secondary 
road (Petchburi road), and highway. However they did not nearly CBD or sub-CBD, but 
their location can easily access into CBD, sub-CBD, or sub-cities (BMR- Bangkok 
Metropolitan Region) such as Pathumthani Province, Nonthaburi Province, and so on. 
 
 
Figure 8.8 A case study area of Chareanchai-nimitmai Community 
 
Chareanchai-nimitmai Community is eligible to join Baan Mankong Project and got 
their own land as “secure housing and tenure” Since 1999, they always improved and 
upgraded the community in term of environmental condition such as garbage waste 
management, community safety, and so on; relationship between people who live in the 
same community such as activities, meeting and so on; especially as co-operative bank 
which is supporting the economic conditions for members as possible. From 
questionnaire survey analysis, almost sample are employment (26.7%), study in high 
school (50%), and income around 32,001-50,000 yen/month (36.7%). Therefore, in 
satisfaction in Figure 8.9 presented the highly efficiency of infrastructure and services, 
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and community relationship and management. However their economic problems are 











Figure 8.9 The satisfaction results of Chareanchai-nimitmai Community:  
(a) Infrastructures and services, (b) Community relationship,  
(c) Community management, (d) Economic problems 
 
 Case study of Yamsuan Community, Phakranong District (Area (F)) 
 
Yamsuan Community is located on the east side of Phakranong District, Bangkok (see 
Figure 8.10). However, the community is located in small road but Yamsuan was 
connecting the CBD with the sky train (BTS phakranong station) and main road 
(Sukumvit road). Therefore, a part of low-income community that stayed at CBD of 




train, bus, and so on. Their area is strongly facilities and utilities same as the general 
household by local government.  
 
To improve living conditions or develop new housing, they can rent the area from 
owner and share together since they came on 1992. Now, they are not only managed and 
organized like as the general households but they also made a relationship with people 
who live in the same community and generated the new generation group (children) for 
suitable development in the future. In addition, the in-depth interviews of leaders were 
carried out with other stakeholders for triangulation purposes: landowner, local 
government (district official), CODI, and academics involved in their development 
projects. 
 
Figure 8.10 A case study area of Yamsuan Community 
 
From questionnaire survey analysis, almost sample are trading (40%), study in high 
school (73.3%), and income around 18,000-32,000 yen/month (66.7%). Through the 
satisfaction (see Figure 8.11), which there are presented the very high and high 
efficiency of infrastructure and services, community relationship and management 
especially in train (BTS sky train), water and electricity, and improvement and 
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development community however there are moderately cooperation and not have canal. 
Therefore, their economic problems are higher especially in expenditure cost which is 
more expensive than other cases. However, because of many conveniences of services 









Figure 8.11 The satisfaction results of Yamsuan Community: (a) Infrastructures and 
services, (b) Community relationship, (c) Community management,  
(d) Economic problems 
 
 Case study of Petchklongchan Community, Bangkapi District (Area (G)) 
 
Petchklongchan Community is located on the north side of Bungkum canal in Bangkapi 




(Serithai road) and surrounded by good facilities and utilities for living in the big city 
like as sub-CBD which easily to assess the public transports and to go other places.  
 
 
Figure 8.12 A case study area of Petchklongchan Community 
 
With the squatter settlement since 1999, Petchklongchan is saving a group activity as 
empowering people for saving and organizing the community in term of environmental, 
social and economic supports. They are not only shared the facilities but they also 
managed the meeting schedule on every month for discussing the activities, conditions, 
and problems together especially for protecting the water environmental conditions and 
cleaning the canal every month (Appendix B: Leader interviews). The comments of the 
community leader offered into what the matters for them and why they want the 
upgrading process and its outcomes. However, they got many problems and did not had 
owner of area yet, but they still try to make a good opportunities and corporate their 
area for good environment, in the context of an improved living environment. 
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From questionnaire survey analysis, almost sample are employment (36.7%), study in 
high school (66.7%), and income around 18,000-32,000 yen/month (70%). Through the 
satisfaction (see Figure 8.13), which there are presented the very high and high efficiency 
of infrastructure and services, community relationship and management especially the 
relationship, development, garbage waste management and more interested in canal as 
well. With, their economic problems are lower than other case especially in travel-trips, 
taxes, housing and living cost. Therefore, however they did not had the public train and 
other infrastructures and services did not easily to access than other cases, but they still 









Figure 8.13 The satisfaction results of Petchklongchan Community: (a) Infrastructures 
and services, (b) Community relationship, (c) Community management,  




8.4.2 Outline of Role-play Workshops 
By the different good practice of self-organization by 3 low-income communities (see 
Figure 8.14, Figure 8.15), this results divided into the 7 situations (A-G of Figure 8.6).  
Table 8.1 The role-play workshop results of 3 case studies 
Area (B): Chareanchai-nimitmai 
(Chatuchak District) 
Area (F): Yamsuan 
(Phakranong District) 
Area (G): Petchklongchan 
(Bangkapi District) 
Situation (A) Urban-Rural Migration 
Situation (B) Urbanization Crisis 
Situation (C) Flooding Prevention 
Situation (D) Air Pollution and 
Traffic Congestion 
Situation (E) Garbage Waste 
Management and Community 
Environmental Management 
Situation (F) Economic Issues 
Situation (G) community 
Relationship 
Situation (A) Urban-Rural 
Migration 
Situation (B) Urbanization 
Crisis 
Situation (D) Air Pollution 
and Traffic Congestion 
Situation (E) Garbage Waste 
Management and Community 
Environmental Management 
Situation (G) Community 
Relationship 
Situation (B) Urbanization 
Crisis 
Situation (D) Air Pollution 
and Traffic Congestion 
Situation (E) Garbage Waste 
Management: which is 
recently managed by 
themselves such as separate 
the garbage, made the 
effective micro-organisms 
(EM)  
• Strongly community empowering  
• Good cooperative system and 
environmental management 
• Highly position of Social Network 
by following CODI 
• Strongly concerned about 
the community activities, 
which is combined with 
children members. 
• Moderately position of 
Social Network by following 
CODI 
• Hardly concerned about 
living condition and 
economic support for all 
members 
• Strongly environmental 
management especially canal  
• Starting social 
empowering with CODI 
network support  






 Area (B) Chareanchai-nimitmai: the best case of self-community empowering who 
success the community-based organization of Baan Mankong project (self-help 
housing). In the character of this community, they can interest all situations that they 
passed and understood as well as they have a strongly empowering and good self- 
organization and development. It can not only possible to support their community 
but also suggest and help other communities as the sample case of self-organization 
development in the low-income neighborhood networks like as “Vertical 
Development” (see Figure 8.14). 
 
 Area (F) Yamsuan: the case of self-community activity and improvement that lived 
inside CBD (near sky train). They are interested into many situations as situation (A), 
(B), (D), (E), and (G), which is concerned about the community activities and 
combined with children members together. Their character can get the opportunities 
and development as good infrastructure, transportation and others from government 
or private sectors who want to develop some projects near here. As result of strongly 
community relationship, they are not only improving their community but they are 
also guiding the local government and CODI to support other communities as 
“Horizontal Development” (see Figure 8.14).  
  
 Area (G) Petchklongchan: the case of self-garbage waste management and 
community environmental who live near canal. They are interested into situation (B), 
(D), (E), and (G), which are the main problems from community long time ago.  
Then more concerned about living condition, social empowering, and economic 
support for all members, which is possible for the new community who live in 
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informal settlements. Especially, the situation (E) garbage waste management which 
is recently managed by themselves such as separate the garbage, made the effective 
micro-organisms (EM) that is the product for protect the water pollution. As result of 
Role-play shown the character of this community which is started the 
self-organization process that’s why they can concern only their community as 




Figure 8.14 The role-play workshop outcomes 
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Figure 8.15 The running process of role-play workshops  
 
As result of 3 samples, there are concerned the 5 main solutions of self-organization 
system follows as 7 situations (see Figure 8.16); 
1) The community empowering: to make a social capital and bargaining power with 
each other as local government, land owner and NGOs. 
2) The activity with children members: to control and protect them from narcotics 
drugs, and to teach them for self- organization in the future.  
3) Cooperatives system: to savings money and use on the benefit or emergency 
condition and protection. 
4) The rules of community: to stay together and protect from insecurity situations. 
5) The participation and meeting with members: to make a social network and 





Figure 8.16 The results of 3 community workshops 
 
8.5 INNOVATIVE SOLUTION OF SELF-ORGANIZATION SYSTEM 
 
As workshop result of Role-play can concerned the spatial formation of low-income 
settlement solutions to make a community ability awareness like as a group of people 
with face-to-face contact, a sense of belonging together, and shared interests and similar 
values as “Self-categories Structure” (see Figure 8.17). In Figure 8.17, the categories are 
defined by 4 phases of self-organization system as; (1) community empowering, (2) 
community rules, (3) participation and communication, and (4) activity with children 
members. That option would be provided the conditions for interactive learning 
environments to become self-organizing system. Truly self-organization is learning 
environments stress that the ideal of objectivity, and knowledge as accumulation, needs 
to be replaced with inter-subjective agreement within a historic community (Klabber, 
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1985). The application will be reflected to solve the community conditions and to relate 
with neighborhood level as the low-income settlement network as well as the 








The contribution of self-organization system is integrated based on roles-play workshops 
analyses, which are interpreted into; 
 
8.5.1 By acting of scenarios planning process likely to respond to different approaches of 
work that might be counter-productive and also get the sense of what people are likely to 
be thinking and feeling in the situation. The construction of scenario is identified a focal 
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issue or decision, which constitutes a real problem to the low-income communities 
management as “organizational learning processes” with complex interactions between 
many decisions and action in each community (see Figure 8.18). The apparently 
outcomes are concerned the attribute of self-organization among members of each 
scenario team. Some of the characteristics of complex scenarios can be made the 
multiplicity of perspectives on the problem situation by several of low-income people and 
their organizations.  
 
 
Figure 8.18 Process of scenario planning development 
 
8.5.2 Using role-play to brainstorming sessions and improve communication between 
team members. Then you can see problems or situations from different perspectives. It’s 
most useful for helping you prepare for unfamiliar or difficult situations. The nature of 
role-play is the design and use of multiple forms of play, tapping the playfulness of 
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human beings. Those play form is encompassing actors and rules, to fully fledged games 
covering the building blocks of actors, rules, and resources (Klabbers, 1985). 
 
8.5.3 For situation using “role-play”, you can build up experience and self-organization 
with handling the situation in real world. Moreover, you can develop quick and 
instinctively correct reactions to situations. The interim measurement with pretest and 
posttest data on related reliability issues that uses an experimental group of 
participations (n=15) on the basis of five question scores (see Figure 8.18). The most 
questions as a result of comparing what the participants knew before and after the 
workshop experience with diverse learning styles and training of role-paly backgrounds. 
More specifically, the tests measured a significant increase in learning from pre- to 
post-test at least 30% (question 2). The content validity and item analysis recognized 




Figure 8.18 Interim measurement of role-play test 
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8.5.4 Role-play technique is helping for people feel more comfortable and to allow them 
to coach you during the demonstration. At the organizational level, such effects also 
triggered as result of a realization that the team faces. The participants may be designed as 
rigid-rule or free-form games. The whole variety of play forms offered a wealth of 
opportunities for triggering playful behavior as well as defined social settings and 
professional practices, managing programs (Klabbers, 2009). The meaning of play is 
ambiguous and equivocal, and its special form, and the mental schemes and motives of 
the players involved. In the section, the participants were not only engaged in many 
simultaneous actives while playing game, but they also learnt while doing and playing an 
important part of declarative and procedural knowledge. It is situated as GS might be 
defined the effects of decision made through the assumption of roles governed by rules, in 
which the simulation concerns a “self-organization model”.   
 
8.5.5 Thus the previously step, the spatial structure is generated the low-income character 
into 3 approaches of city, district, and neighborhood scale (see Figure 8.19). These 3 
process steps have different dimension across the low-income situations and urban 
planning approaches to contribution of scenario planning as well as the Role-play 
workshop were appropriate for use in low-income settlement characteristic formation and 
management. 
 
By the integration of scenario planning among Role-play workshop participants, the last 
step analyses the most important of low-income community character driving forces that 
affect the self-organization system as communication device, participatory planning, 
action plan, and sensation and intuition (thinking and feeling). The consolidation of 
 163 
low-income self-organization approach can fulfilled and contributed more strategic phase 
of low-income organization and planning process. In addition, the critical development 
outcome (see Figure 8.14) can be divided into 3 section levels of low-income community 
organization steps as vertical development, horizontal development, and individual 
development. Finally, to move self-organization system from its one-dimensional focus, 
the integration of real-option reasoning into other dimensions of self-organization seems 
connecting the low-income network function. 
 
 
Figure 8.19 Integration of stage 4; community scale 
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CHAPTER 9 
CONCLUSION AND RECOMMENDATIONS 
 
This dissertation set out to investigate the system that solve in conditions of low-income 
settlement, and to use computation to improve the resulting outcomes. In finally, this 
chapter will be concluded the research contributions of this dissertation, as well as 




The following are the main research contributions of this dissertation (see Figure 9.1), 
which is separated into 4 stages of city scale, district scale, neighborhood scale, and 
community scale. This framework provided an organized view of much of the work on 
geospatial and social aspects of preference aggregation; it also provides a natural guide 
towards further research. These factors included, among others, where community 
planning for sustainability involves higher levels of participation, the resulting progress 
towards sustainability is greater. Learning from the past research finding, this research 
set the hypothesis can be considered an important indicator for the ability of spatial and 
social sciences through some bridging multi-scales of urban planning approaches. Three 
approaches are presented, namely field of geospatial methods and processing, and social 
applications in below. Both of fields are frequently used in analysis and modelling to 
validate the results. It is ideal for individual field, in order to take further action for 
low-income settlement planning in each scale. 
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9.1.1 Qualitative aspects of research related into multidimensional scaling of urban 
approaches primarily begin on the ground in relatively local settings of Physical 
Environment and Socio-economic elements. The structure can elucidate and character the 
low-income settlement in consequence of city, district, neighborhood, and community 
scale for monitoring. Their approaches were significant of any one element does not 
depend on itself but on its relationships with others. It is the links between the different 
elements of the structure which is bounded to include those interesting component 
necessary to generate the modelling urban development in limited application.   
 
9.1.2 GIS technique and modeling, are useful for quantifying and understanding the 
features of low-income settlement in condition of urban expansion. Through the 
geospatial analysis and formation will helpfully cover more complex structure on those 
aspects of unique environmental, social, economic position in very specificities and 
considers, to critical planning system. It identifies and reviews major approaches 
conventionally applied in urban development modelling, associated with each approach 
of low-income settlement. Contemporary modelling practices under the self-organizing 
paradigm are reviewed, which are followed by discussions on the problems and 
prospects of urban development modelling.  
 
9.1.3 To justify the low-income self-organization system, which it is successfully 
simulated the dynamic of urban expansion problems. The formation of gaming can 
suggested and clarified the contribution of self-organization system using “Role-play” 
processes by transferring the successful application of scenario planning techniques, 
with the boundary conditions associated with the workshop procedures and the 
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underlying mechanisms at work as (1) vertical development, (2) horizontal development, 
and (3) individual development (see Figure 9.1). This output is provided the real 
situation like as a communicative planning for learning by doing. With this selective 
attitude, not only the spatial analysis modelling but also the signals of the role-play 
workshops have been eliminated or interesting aspects of the real system to appear in 
some generalized form. Therefore, the structure can be thought of as selective of the 
real-world system, by being between the aspects in term of spatial and social science 
can represent its original. 
 
9.1.4 Implication for research (see Figure 9.1 and Figure 9.2), the structure has form a 
practical context based on the influences of 4 steps of information gathering and 
evaluation of city, district, neighborhood, and community scales. The bridge can preferred 
the recognition of neighborhood character dealing with the low-income homogeneous 
groups that are often of concern to overall satisfaction and approaches with scenario 
planning. Through the construction of scenario planning, it will be more effective in 
role-play workshop trained by organization learning. Individuals’ contributions within 
strategy workshops will require a clear operationalization of scenario of role-play 
workshop process. Finally step is constructed the function of the organization system, and 
explain an artificial of low-income settlement for experimentation which has been widely 
applied the social approximations of human organization in vertical, horizontal, and 
individual development, as its own extensions and generalization. To conclude, the 
framework will prompt scenario planning of role-play workshops result to conduct 
various potentially useful empirical contribute in different cognitive based group, 
scenario workshop methods, and character. Overall, a focus on mainly self-organization 
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system intended to serve as starting point for reducing the likelihood of low-income 
neighborhood network.  
 
 
Figure 9.1 Consolidation structure of research 
 
 




The following recommendations are offered as possible ways to improve this study 
which is related research in the field of spatial and social science. 
 
9.2.1 Many definition of GIS techniques, it is perhaps easiest to think as an integrated 
system of components which has been abstracted and simplified in produces solutions 
to spatial problems. Urban planning requires an understanding not only the physical 
space but also the underlying social, cultural, and economic approaches. Urban 
applications of GIS can be divided roughly into three categories; planning, operation, 
and public information with emphasis on different capabilities. Especially for planner, 
GIS by a wide variety of organizations is its versatility, it is a way to combine, analysis, 
and visualize the various kinds of information that describe to track developments as 
occur in space and time, and to manage ongoing operations. 
 
9.2.2 While the current of urban expansions problems considers the technology 
academic curriculum from a global viewpoint, it may be advantageous to conduct 
research which considers the distribution of the curriculum organizers across this 
system in the formation of the GIS technology and spatial analysis model which related 
needs for human interaction and movement especially as low-income people. 
 
9.2.3 Given the conditions of low-income settlement, a series of longitudinal studies, 
based on this model, would document trends and thereby increase the potential that 
decisions regarding the composition of the spatial techniques would be relatively 
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current and less exposed to bias. The spatial information and model can enable 
researchers to describe the emerging this condition from in more comprehensive ways, 
to explain the underlying processes contributing to the emergence of the new forms, and 
to prescribe effective urban policies.  
 
9.2.4 Improvement of spatial constructions for connecting the social movements are a 
curriculum organizer which contributes to define the attributes of technological literacy 
in the area of construction would prove to be of valuable to the discipline such an effort 
would enable technology educators to derive construction related course content from a 
research base. The development of indicators to track disparities and potential risk 
factors may be one technique that helps to integrate interdisciplinary theories into 
evaluate the effectiveness of current regulatory and policy initiatives or intervention. 
 
9.2.5 Research quality related to social science that provides a means of defining the 
low-income contribution to the discipline and to the goals of self-organization system 
and role-play workshop would be concerned with analysis, decomposition and reduction 
of value to the field of humanity. There is the world of social construction of reality to 
deal with synthesis in general of planning, policy-making, management, and 
technology. It presumes that is worthwhile and possible to establish a definite and 
explicit causal link between the use of cause and its effects on individual’s groups 





9.3 FURTHER STUDY 
 
However, the significant advances of Geospatial information though the development of 
workshop processes by using gaming-simulation approach (Role-play) are integrated 
the useful contribution of low-incomes’ self-organization. With the application of 
low-income settlement data collection problems or limitations of using this approach in 
urban development modelling cannot be underestimated the theory to delimit urban 
areas provides a means to more realistic and transparent as predict and understand 
controls of urban growth and low-income expansion. Moreover, the relationships and 
interactions between the cell size and times on behavior of limitations of these 
techniques at this present time was not discussed and clarified by transition rules of only 
Bangkok condition, the better rules can be find tuned for other variable, contextual, and 
individual of low-income settlement as well as an understanding of processes and 
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Appendix A: Sample of Questionnaire 
(For people who live in community) 
 
The purpose of this questionnaire is to find out how you feel about living in community. 
This questionnaire results can be improved the problems of community condition in 
Bangkok. For each statement below, answer which seems to show your feeling the best. 
The form had separated into three parts as; 
 
Part I: Personal data 
1. Community name:_____________________________________________________ 
2. Sex:    1) Male    2) Female 
3. Occupation:  1) Housewife   2) Government 
   3) Trading   4) Official 
   5) Employee   6) Factory 
   7) Agriculture   8) Others (__________________) 
4. Family members:  1) Less than 2 persons 
    2) 3-5 persons 
    3) More than 6 persons 
5. How long did you stay in your community? 
   1) Less than 1 year  2) 1-5 years 






Part II: Environmental data 
6. The quality of facility and utility services, which would you prefer? 
Services 
What do you think about your efficiency of facilities and utilities? 
Very good Good Neutral Bad Very bad None 
1) Electricity       
2) Water supply       
3) Public telephone       
4) Garbage       
5) Bus       
6) Train       
7) Market       
8) School       
9) Temple       
10) Hospital       
 
7. What are the reasons why you stayed here?  
(Please choose more than one if you had agreed to participate) 
  1) Nearly work place 
  2) Nearly CBD 
  3) Nearly school 
  4) Nearly market place 
  5) Very closely with transportation services 
  6) Good environment 
  7) Others (____________________________________) 
8. What are the problems that you found in your community? 
(Please choose more than one if you had agreed to participate) 
  1) Unsecured 
  2) Water pollution 
  3) Flooding 
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  4) Drainage 
  5) Noise pollution 
  6) Air pollution 
  7) Housing/population density 
  8) Public park 
  9) Others (____________________________________) 
 
Part III: Socio-economic data 
9. Education levels: 
   1) Primary school   2) High school 
   3) Diploma    4) Degree 
10. Incomes (per month): 
   1) Less than 10,000 yen  2) 10,001-18,000 yen 
   3) 18,001-32,000 yen   4) 32,001-50,000 yen 
   5) 50,001-68,000 yen   6) More than 68,001 yen 
11. The relationship between people who live in community, which would you prefer? 
Type 
What do you think about the activities of community? 
Very good Good Neutral Bad Very bad None 
Neighborhood’s relation       
Community’s meeting       
Community’s activities       
Co-operatives bank        
12. The approaches of community’s management, which would you prefer? 
Type 
What do you think about the efficiency of community’s management? 
Very good Good Neutral Bad Very bad None 
Garbage waste 
management 
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Cleaning the Canal       
Risk management       
Helping the 
neighborhood 
      
Community Cleaning       
Community 
development 
      
Community 
improvement 
      
Environmental 
management 
      
13. The condition of socio-economic problems, which would you prefer? 
Type 
What do you think about the problems of community location? 
Very hard Hard Neutral A few Very few None 
Finding a job       
Tuition fee       
Trip generation       
Taxes        
Living style       
Living cost       
Housing cost       
 
14. Which would you satisfied about your living condition in community? 
   1) Very good   2) Good 
   3) Neutral   4) Poor 
   5) Very poor   6) Want to move out if I can 
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Appendix B: Sample of Interview 
(For Leader of low-income community) 
 
The purpose of this interview is to clarify about living condition of community which is 
supported the quality of appendix A as well as possible. This interview approaches can 
be improved the problems of community condition in Bangkok. For each statement 
below, answer which seems to show your feeling the best. 
 
Part I: Personal data 
1. Community name:_____________________________________________________ 
2. Sex:    1) Male    2) Female 
3. Occupation:  1) Housewife   2) Government 
   3) Trading   4) Official 
   5) Employee   6) Factory 
   7) Agriculture   8) Others (__________________) 
4. Family members:  1) Less than 2 persons 
    2) 3-5 persons 
    3) More than 6 persons 
5. How long did you stay in your community? 
   1) Less than 1 year  2) 1-5 years 
   3) 6-15 years   4) More than 15 years 
6. How long did you are a position of leader? __________________________________ 
7. How long the community is located here? __________________________________ 
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Part II: Environmental data 
8. The approaches of community living, how to share the space for each houses? 
______________________________________________________________________
______________________________________________________________________ 
9. The history of community location, why did they stay here? 
______________________________________________________________________
______________________________________________________________________ 
10. The quality of facility and utility services, which would you prefer? 
Services Have Not have Describes 
1) Electricity    
2) Water supply    
3) Public telephone    
4) Garbage    
5) Bus    
6) Train    
7) Market    
8) School    
9) Temple    
10) Hospital    
 
11. What are the reasons why you stayed here?  
(Please choose more than one if you had agreed to participate) 
  1) Nearly work place 
  2) Nearly CBD 
  3) Nearly school 
  4) Nearly market place 
  5) Very closely with transportation services 
  6) Good environment 
  7) Others (____________________________________) 
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12. What are the problems that you found in your community? 
(Please choose more than one if you had agreed to participate) 
  1) Unsecured 
  2) Water pollution 
  3) Flooding 
  4) Drainage 
  5) Noise pollution 
  6) Air pollution 
  7) Housing/population density 
  8) Public park 
  9) Others (____________________________________) 
 
Part III: Socio-economic data 
13. Education levels: 
   1) Primary school   2) High school 
   3) Diploma    4) Degree 
14. Incomes (per month): 
   1) Less than 10,000 yen  2) 10,001-18,000 yen 
   3) 18,001-32,000 yen   4) 32,001-50,000 yen 
   5) 50,001-68,000 yen   6) More than 68,001 yen 





16. The relationship between people who live in community, which would you prefer? 
Type Have Not have Describes 
Neighborhood’s relation    
Community’s meeting    
Community’s activities    
Co-operatives bank     
 
17. The approaches of community’s management, which would you prefer? 
Type Have Not have Describes 
Garbage waste management    
Cleaning the Canal    
Risk management    
Helping the neighborhood    
Community Cleaning    
Community development    
Community improvement    
Environmental management    
 
18. The condition of socio-economic problems, which would you prefer? 
Type Have Not have Describes 
Finding a job    
Tuition fee    
Trip generation    
Taxes     
Living style    
Living cost    






19. Which would you satisfied about your living condition in community? 
   1) Very good   2) Good 
   3) Neutral   4) Poor 
   5) Very poor   6) Want to move out if I can 




Thank you very much for your times. 
